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PEEFACE. 



The Elements of Euclid form a complete coarse of the theo- 
retical principles of Geometry, and the problems contained 
in them are designed to establish the possibility of perform- 
ing the several constructions required for the proofs of those 
principles, before assuming these constructions in the suc- 
ceeding propositions. For this purpose, then, the simplest 
modes of i^roq/* have been adopted. 

But for the purposes of Practical, Geometry the simplest 
mode of performing the constructions, consistent with the 
greatest degree of accuracy, is to be looked for. This 
necessitates variations from the methods of Euclid : and con- 
sequently, even for those problems which are contained in 
the Elements, as well as £or the numerous deductions from 
them in the following pages, proofs of the methods actually 
employed herein have been given. The theorems, however, 
upon which they depend have merely been enunciated, and 
references given to the propositions of Euclid in which they 
are to be found. 

Numerous references throughout the work give the num- 
bers of the theorems, problems, or articles stating the prin- 
ciples upon which the processes depend. 

The objects of the work have been to give such a course 
of Practical Plane Geometry as shall enable candidates per- 
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fectly to master the constructions given in papers for com- 
petitive examinations on the subject. 

A chapter has also been added on Geometrical Construc- 
tion on the Ground, which it is hoped will be found useful to 
the engineering student. 



Note. — The student who desires to pursue the subject of 
Geometry beyond the limits of the present work can avail 
himself of the Author's further treatise (also published in 
this series) on Descriptive Geoinetryf in which will be found 
included a Theory of Shadows and Perspective, and a de- 
scription of the principles and practice of Isometrical Pro- 
jection. The volume serves as an introduction to the 
application of Descriptive Geometry to various branches of 
the arts. 
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DHFlNrnOMS AND PBELIUINART KOTIOIfS. 

1. Any aommon object ie tenned geometrically, a aoltd. 

2. The boundaries of a solid are termed tvptrfieiet, or mr/ucet. 

3. The boundaries, or interseotioiia, of aur&cea are termed 

4. The extremities or interseotioiie of linee ore termed poinU 
ThuB ABO D E F a,Fie. I, 

represents a lolid; ABOG), 
O C D E, aod A O E F, re- 
present tur/aeeM, and are also 
called /ocM of the solid; A B, 
BC, CD, DE, Ca, GE 
A P, A G, and B P, repTBsent 
Una ; A, the extremity of the 
line A B, or of the line A G, 
or the intersection of these 
two lines, represents a point ; Fik. i. 

and in like manner B, C, D, E, V, and G rtpresent points. 

5. Surfooes are either plane, as A B C G, and O C D E, or 
eurved, as A Q E F. 

0. Lines are either ttroight, or Hght, hues, as A B, B C, C D, 
&c., or cttrved lines, as A.Q and E F. 

7. The lines that bound the faces of a solid are called the 
algei of the solid, and, when straight, are called ttraight edge*. 

All the light that, proceeding from one point of an object, 
passes through the pupil of the eye, is again brought to a 
point on a fine net-work, called the retina, at tbe back of lbs 
interior of the eye, and thus fbims on the retina an image. 
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whiuh conveys to the mind tti« aenaatiou of vitdou of that pomt 
of the ohject ; and the position of the iniAge on the xetiji^ 
ronTeys the notion of the direction of the point from the eye. 
Thus the light from the point A,, Fig. 2, pasnug throng the 
pupU, F, is bronght 
again to a point at 
□,, on the retina, and 
is seen in the direc- 
tion a,, P, while the 
point A, ie in lihe 
the 



dii«ction a, P. 

Now any line, A B, 
Fig. 3, may be SO 
looked at that i\a ex.- 
Fie. *■ treme points, A and 

B, may lie in the same direction from the eye; so as only 'to 
form on the retina the image a, of the single point A ; and if 
the line lies evenly between its extreme points A and fi, so thai 
at the same time every other point in it lies in the some direc- 
tion from the eye, 
as its extreme points, 
and, consequently, 
the image in the re- 
tina, of the entire 
line, is bnt the single 
point a, then A B is 
termed a elxaight 
line ; that is, as de- 
fined by Euclid. 
S. A straight line 
FiR. 3, is Uiat which lies 

evenly between its extreme points. 

Hence we understand how a workman con test the stiaight- 
noea of a line by looking along it, and seeing whether in one 
particular position the whole of it appears but as a single point; 
while the slightest deviation from this position, in any direction, 
I»iugs it into view as a continuous line. 

9. It follows from the definition that, if the extzemitiee of 
two straigkl lines coincide, the lines must coincide throughout ; 
so that two ttraight lines cannot inolose » space. 

10. If, however, either one, or both, of two lines be curved, 
they con always be made to incloae a Hp«oe. 
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From theae two udonu it ibllowB tlut haviug onoe pioourad 

& atmight edge, amy other edge mkde to ooiudde with it will aIso 

be atraight, and any line diswu doae along euoh an edge will 

also be atroight.* 

11. A plane or flat soifiioe is that on which aujr two poiuta 

ing taken, the attaight line between them Uee whollj ia the 



Henoe to test the flatnesa of a Hurfaoe, a straight edge is to be 
laid upon it, a»d if it coincide with the mirbce in every position 
in which it can be placed upon it, so that no light can be seen 
between the edge and the eurface, the surfkce is a true plane. 

12. Iiet AB, Fig. 4, be a fixed straight line, and let another 
straight line A C be first placed in coincidenoe with A B, and 
then be mored round the extremitj A, continually changing 
its direction, until it again comes into coincidence with A B : 
it is then said to have made a complete revolution. 

13. When A C, Fig. 4, has moved through a portion of a 
complete revolutiou, its inclinatioD to A B is called a rtetilintal 
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angU, and the magnitude of the angle is measured by the 
portion of a complete revolution through which it has moved, and 
is entirely independent of the lengths of the sides A B, A C. 

14. A complete revolution is divided into four right angles ; 
hence when A G, Fig. S, has moved through one-fourth of a 
revolution, the angle B A C is a right angle. 

15. If A C, Fig. 6, move tliroagb two right angles, ot half a 
complete revolution, it oomee into the eame straight line with 
A B, but in an opposite direction. 

 See Btraight Edgt, in " Mathematical Instrnments," by J. F. 
Heather, Weale's Series. 
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IS. An angle vliioh is eitlker greater, or lees, than a right 
nagle, ia called an oMique an^e. H lees than a right-angle, as 
B A Cj, Fig. 7, it is called acuU; and if greater than a right 
angle as B A Cj, it ie called olitum. 
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17. It appears then that if B A li'. Tig. 8, is a straight line, 

and A C be moTed round A, from the direction A B, through 

cne-fourih of a complete revolutior., the angles B A 0, and 
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C A ff, are both right anglen, and are equal. In this case, 
A C is said to be at right-angles to B A B'. 
 18. But if A C, I'ig. 9. move through either mon ci tcA 
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than a fourth of a complete revolution, it is said to be oblique 
to B A £^, aud the angles BACand CAKaie unequal, one 
being obtuee and the othor acute. 

The defect of an ajigte from a right angle ia called its compU- 
menf, and the defect from two right anglsa its iitpplement. 

19. Straight lines in the same plane that will not meet how- 
ever far thef ma; be produced in either diractioo, are called 
parallela. 

20. The IJnea that bound a surface, or portion of a surface, 
are called ita aidet; the surtace itself is called e. figure ; and the 
angles between the sides are called the anglea of the figure, 

21. Figures bounded by straight lines are called rectilintai. 

22. When the sides and angles of one figure are respectively 
equal \a the sides and angles of another figure, each to each, 
the figures themselves are equal ; but the figures may also be 
equal, without any equality between their sides and angles. 

23. Equal figures of the latter kind may be t«iined 
equivaXeat figaree, to diatingaish them from thoso which have 
all their dimensions equal respeotiTely the one to the other. 

24. Two figures which have their angles equal each to each, 
and the sides about tiio equal angles proportional, are said to 
be Jimi'far, 

25. A figure contained by three straight lines is called u 
trinngle. A triangle has, therefore, three sides and three 
Bugles 
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26. When the thtee aides of a triangle are equal to o 
another, it is called an equilateral triangle (Pig. 10). 

27. When two of the sides of a triangle are equal to o 
another, it is called an UoKtla triangle (Fig. U). 
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28. Wlien one of Uie ui^Ias of a triangle is a ri^t angja, it 
IB called a r^ht-angUd triang-le (Fig 12). 



Fig. la. Rf, «. 

The aide of b. right-angled triangle which is opposite to the 
right angle, ia called the hyp<^henuH. 

29. When all the angles of a triangle are oblique, it ia called 
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an oblique-angled triangle ; if one of the angles he obtuse, it is 
called an obtuie-angled triangle (Fig. 13) ; if not, it is called an 
aoiU-angled triangle (Fig. 14). 

'M. All foiir-sided figures are called quadrilaterals. 



fig. 19. Fig, 17- 

31. A quadrilateral having its opposite sides parallel, 
called » paralUlogram (Fig. 15}. 
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32. When one of the anglea of a parallelogmn is a rig^t 
angle, all its angles are right angles, and it is ^led a rectanglt 
(Fig. 16.) 

33. When the adjacent Bides of a rectangle are equal, all the 
aides ara equal, and it is called a sqiiart (Fig. 17). 

.84. Aparallelogram which isequilnteral.butnotTectangnlar, 
is called a rhoit^t (Fig. 18). 
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35. When only two of the sides of a quadrilateral are parallel. 
it is called a trt^aoid (Fig. 19). 

36. All other fonr-eided figures are called trapeaumt. 

31. A figure bounded by a single line, which is everywhei-e 
at the same distance from a fixed 
point, is called a eirck [Fig. 20). 

38. The fixed point 0, ia called 
the emfre of the circle. 

39. The boundary line A D B E 
is called the ciTcum/trence of the 

40. The fixed distance between 
the centre and the circumference, 
Ihat is, any straight Une drawn from 
the centre to the circumference, is 
called a radiwt of the circle. Thus 
C A, C D, C B, C B, are radii of the circle. 

41. Any straight line, A B, paeaittg through the centre, end 
terminated both ways by the circumference, is called a diamfler 
of Hie circle. 

42. Any straight line, A D, terminated both ways by the 
circumference, but not passing through tlie centre, is called a 
chord of the circle. 

43. The figure contained by a diameter and the portion of the 
circnioference it cuts off, is called a temicircte (Fig. 21). 

44. The figure cont^ned by a. chord and the portion of 
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tbe circuiuference it oata off. is called a. »egmeht of b circle 
(Fig. 22). 

4a. The portion of the droinnference cut off bf a chord is 



called an arc, and tho portion unt off b^ a diamutar, a. semi- 
circumferenct. 

46. The chord A B is caUed the boat of flu, »fgment. 

47. The angle DAB, between the base and the arc, is called 
the angle OF the segment. 

48. The angle A C B, betreen two lines, C A, C B, drawn 
from 8 point on the arc to the estremitieB of the base, \% called 
the angle IN the legmenf. 



49. Tho figure bounded by two radii, and the arc between 
tbem, is called a Hctor (Fig. 23). 

50. A straight line is said to touch a circle, or ia called a 
('indent to it, when it meets the circle, but, though produced, 
cannot out it (Fig 24). 

St. Two circles are said to touch one another which meet 
but do not out one another, (Fig. 25). 
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52. A rectilineal figure is aaid to be imcribtd ia another recti- 
lineal figure, ivhen all the angular points of the inscribed 
figure are upon the aides of the figiu'e in which it is inscribed. 
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53. And coDvereely, a rectilineal figure ia aaidtobe deacribed 
about another reotiUneal figore, when the aides of the described 
figure pase through the angular points of the figure about 
which it is described (Fig. 26). 

54. "When a circle pBusei" through all the angular points nt 



any plane rectilineal figure, the figure ia aaid to be iructibfi 
in the circle, and the circle is said to be iktcribed ab<nd the 
figure (Fig. 27). 

-55. When a circle touches allthesides of any plane rectilineal 
figure, the circle ia eaid to be iTueribed in the figure, and the 
figure is said to be deacribtd about the circle (Fig. 28). 

56. Oraphic Notatitm. — Lines have neither breadth nor thick- 
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losa, but only length, and they ara represented by flue strokes 

ir dots, or a oombinatioii of strokea and dote. 

lines belonging to llie data, 
or given oondidouB of a pro- 
blem, will be marked by con- 
tdnuoos fine lines ; thus 

Lines belong^ngto the qoEeaita, 
or solution of a problem, will 
be marked by ^oker lines 



Points belonging to the data 
of a problem will be marked 
by the intersection of two fine 
^^■^'- short strokes; &ne x. Pointi 

belonging to tbe quEesita of a problem will be marked by 
placing small circles round them ; thus Q, Lines used in. the 
construotion of a problem will generally be marked by linked 
lines formed of a anccession of short strokes; thus 



Lines used in the construction, which it is desirable to distin- 
guish as of more than ordinary importanoe, will be marked by 
link-dotted lines formed of a mixture of strokes and dots ; thus— 



The greater number of interposed dots denoting a greater de- 
gree of lelatiTe importance. It is, however, generally sufficient 
to draw those portions only of lines of coostmotion which in- 
dicate points to be determined by them, 

57. ItulrumgnU, — The instmments absolutely necessaiy for 
geometrical constructions, are pencil, drateing-pen, and itraight- 
edge, for drawitig atraight liTta ; wmtpauta, for taking off dittancea, 
and dtterOnng ara, and circlei ,* and a plant tade, and protrador, 
for the meaturemait of Uragtka and angUi. Other instruments 
are used for the more rapid and convenient oonstructiou of 
particnlar classes of problems. 

68. To draw good lines requires more piaotioo than would at 
first be supposed for on operation that appears so simple. The 
student should, therefore, begin with such eiercdses as the 
foUoving, but on a much larger scale than here represented. 
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(i). Draw Bcriea of lines, fine, thick, linked, ouA link-dotted 
Wig. 39). 



(2). Draw series of ooncootrio area, fine, thick, linked, and 
lisked-dotted (Fig. 80). 



Tig.X. 

(3). Uark against a straight-edge three points, two or thrc« 
inches apart, removing the straight-edge cover one of the ex- 
treme points, leplaoe the straight-edge and draw a very fine 
straight line tlunaghthe two uncovered points, prodaoing it aa 
far as possible ; and again uncoveriug the extreme point i^e if 
the production of the line jost drawn will pass through it. 

(4). Take a line, A B, Fig. 31, not less than three inches 
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long, open the pomta of the oompaaaea to ttie distance A B, 
with this diatajic« strike arcs &am A and B intersectiiig in C, 
from A and C intersecting in B, and from B and C intereecting 
in E ; then the points D. C. nnil E. nhn'ild h-i in a straight tine. 



Test them with a straight-edge, or first determine the points 
C and D, and draw a straight line through them ; and then 
finding the third point, E, it should come upon tiie straight 
line thus drawn. 



CHAPTER n. 

ON STRAIGHT UHEB, ASQI-XS, AXO BBCTILINBAL flOUBES. 

Nott. — Two triangles will be said to be equal in all respects, 
when not only the figuim themselves are equal, hat also their 
corresponding sides and angles are equal, each to each ; or, in 
other words, when they are exactly alike both in magmludt and 



59. Theok, 1. When two sides and the included angle of one 
triangle are equal to two sides and the inclodad angle of 
another triangle, each to each, the triangles shall be equal isl 
all respeots (Euo. I. 4). 

60. Theos. 2. When the three aides of one triangle are 
equal to the three sides of another triangle, each to each, the 
triangles shall be equal in all respects [Euc. I. 8). 

60*. Thbor. 3. When two angles of one triangle are equ^ 
to two angles of anotlwr bciangle, each to each, and a side of 
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one is eqnal to a side of the other, the triangles are equal in all 
respects ^Euc. I. 26). 

61. Theob. 4. When two sides of a triangle are equal to 
one another, the angles opposite to those sides are also equal to 
one another ; and, conversely, when two angles are equal, the 
sides opposite to them are also equal (Euc. I. 5 and 6). Hence 
eyery equilateral triangle is also equiangular, and vice verad, 

62. Q^OEOB. 5. If one side of a triangle be produced, the 
exterior angle is equal to the two interior and opposite angles ; 
and the three angles of every triangle are together equal to two 
right angles (Euc. I. 32). Hence the angles of an equilateral 
triangle are each equal to one-third of two right angles, or 
to 60°. 

63. Theob. 6. All the interior angles of any rectilinieal 
figure together with four right angles, are equal to twice as 
many right angles as the figure has sides (Euc. I. 32. Cor. 1). 
Hence tibie angles of a regular polygon are each equal to the 
quotient obtained by dividing twice as many right angles as the 
figure has sides, less four right angles, by the number of sides : 
— Thus, for a regular pentagon, or five- sided figure, all the five 
angles are equal to ten right angles less four, or to six right 
angles ; and therefore each of the angles is a fifth part of six 

right angles, and contains — ; — , or 108°. 

64. Theob. 7. When two sti sight lines intersect one another, 
the vertical or opposite angles axe equal (Euc. I. 15). 

65. Theob. 8. When a straight line, falling upon two other 
straight lines, makes the alternate angles equal to one another, 
these two straight lines shall be parallel to one another 
(Euc. I. 27). 

66. Theob, 9. When a straight line, falling upon two other 
straight lines, makes the exterior angle equal to the interior 
and opposite angle upon the same side of the line ; or makes 
the interior angles upon the same side together equal to two 
right angles ; the two straight lines shall be parallel to one 
another (Euc. I. 28). 

66*. I^EOB. 10. Straight lines which join the extremities of 
equal and parallel straight lines are themselves equal and 
parallel (Euc. I. 33). 

67. T^OB. 11. The opposite sides and angles of a parallelo- 
gram are equal, and the diagonal bisects it (Euc. 1. 34). 

67*. Theob. 12. In any right-angled triangle, the square 
described upon the hypotiienuse, or side opposite to the right 
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ai^le, is eqn&l to the oquarea described on the aidea vHch oon- 
tain the right angle (Eno. I. 47). 

68. TBzob. 13. If the aqii&ie daecribed upon one of the 
sidea of a trian^e be equal to tile squtires deeciibed upon the 
other two aides of it, the angle contained by these two aidea is 
a right angle (Eno. I. 48). 

69. T*IBOB. i4. The angle in a semicircle is a right angle 
(Eno. Til. 31/. 

Pbobleus. 

70. Frobleu L — To make a triangU eqtial in ail retgeete to a 
given trianglt, or having Hi tidt* of given length*. 

Draw a straight line, and upon it set off A B, Fig. 32, equal 
tA a i, one of tiie aides of the given triangle, or to one of the 



given lengths ; from A and B as centres strike area with radii 
reEl{>ectLTel7 equal to a c, and l c, the other sides of the triangle, 
or to the other given lengths, and let the arcs intersect in 
; then drawing the lines A and B C, ABO will be the 
required triangle. 

Ifole 1. — When the lengths are given either by lines already 
drawn, or by stated measaremNita, any two of these lengths 
must togetlieT be greater than the tiiird ; otherwise the arcs 
described above will not intersect, and no triangle can be 
formed with audi dimensions. 

Note 2. — If the three given lei^ths be equal the triangle will 
be equilateral, and if two of them only be equal to one another, 
the triangle will be isoaoaLes. 
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71, FroblXM 2. — To h\M<i a jimh t«ct«lMt«aI wagh, XhaX it, io 
divitU it iirfo luw tqvai angle*. 

Open the points of the Dompowea to any oonTaaient distance, 
and from the angolar point, oi vertex, A. Fig. 8S, •■ a centre, 
strike an aio cnttiiig the 
sides in the points B and 
G ; with a distance equal 
to about three-qturtore 
of that from B to C (see 
Note 2 below), strike 
arcs from B wid C, as 
oentree, intersecting in 
D; thenthestiaightline 
draim from. A through 
D will be the biseotiiig 
line required. ^ 

Beaton. — Suppose the F*-" 

straight lines B D and D to be drawn, Uien (Theoi. 2} 
the triangles A B D and A C D will be equal in all respects, 
and, consequently, the angles BAD and CAD are equal. 

Note 1. — The greater the distance between two points deter- 
mining a line, the more accurately can the line be drawn. 

Note 2. — The more nearly at right angles two lines intersect, 
the more accurately will this point of intersection be marked. 

BzBBOISEB. 

(1.) Construct an isosceles triangle having the equal dides 
2i inches long, and the third 
side 1 inch, and bisect each 
of the angles. The three bi- 
secting lines should meet in 
a point. 

(2.) Construct an eqnila- 
teml triangle, and by bisec- 
tions, oonstraot angles of 30°, 
90°, 15°, 46°, and 22^°. 

72. Fboblem 3.— 7*0 bisect 
a given i^raight line. 

Open the points of the 
compasses to a distance equal 
to about three-fourths the 
length of tie given line AB, 'w-*'- 

Fig. 34 ; with this distance rtrike arcs intersecting St C and D ; 
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lay the atitught-edge to pass tliTOUgh the intersections, . and 
mark at E the point in which it crosses the line A B ; then A B 
will be bisected at this point. 

Reatcn. — Suppose the linee C A, B, and C E to be drawn ; 
then the angle A C B will be bisected by the line C E : hence 
the triangles C A E and C fi £, will be eqnal in all respects 
(Theor. 1.) ; and, consequently, A E ie equal E B. 



(1.) Constract triangles of various dimensions; bisect their 
sides, and join the points of bisection with the opposite angular 

points ; then if the oonstruotiona are correctly performed, the 
three lines thus drawn in each triangle will intersect in one 

(2.) Draw a line 3^ inches long, and divide it into eight 
equal parts. 

(3.] Take a line 2} inches long, and fiom it determine lengths 
of 3i, IJ, and 2 H inches. 

73. Pbobi£ii 4. — To draw a ttraigM line at right anglea to 
aaother itraxght lint from a given point in it, 

UsTHOD I. — From the given point A, as a centre, \rith any 
convenient radius, strike arce cutting the line in the points B 
and. C, Pig. 33 ; from B and C, 
with i-adiuB equal to about three- 
fourths of the distance betwovn B 
and C, strike arcs intersecting in 
DandE; then the line D £, drawn 
through the points of intersection, 
will cut the given line at right 
angles in the point A, as required. 
Seaion. — Suppose the lines D B 
and D to be drawn ; then the 
triangles DBA, and D C A. wilt 
he equal in all respects, as in the 
preceding problem ; consequently 
the angles D A B, and D A C, will 
be equaltooneuiother, and will, therefore (IT), be right angles. 
Tf the given point be near the end of a line, which cannot 
conveniently be produced, either of the following methods may 
be used. 

Method II. — Draw a straight line, and set off upon it five 
eqnal parts, a b,be, cd, dt, «/, Fig. 36 ; from the given point A, 
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on the pTon line, 08 a oeutM, with iBdioa a d, equal to thrM of tha 
equal parts, strike an arc cutting the lintt in B ; from centres A 
and B, with radii a e and a/, equal to four and five of the equal 
parts rGBpectiTely, 
strike area intersect- 
ing in D ; then the 
atraight line drawn 
through D and A 
shall be at tight 
Euiglea to A B, aa 
required. 

Seaaon. — 3* + 4* 
= 0*; hence the 
square upon B D ia 
equal to the squares ^^ "*■ 

uponABandAD, and, therefore, (Theor. 13), the angle D A B 
is a right angle. 

Uethoi) in.— Open the points of theoompasMi to any oon- 
veuient distance and from the given point A. I'lg. 37, as a centre, 
strike a small uTc; with the BanieradiuB,and any point, E, on this 
ara as coDtre, daacribe a circle BAD cutting the given line in 
the points A and B ; draw a straight ^ 
line through B and E to meet the 
ciroumferenoe of the circle again in 
the point D; then the atratght lino 
drawn throi^h the points D and A 
ahall be at right angles to A B, as 
required. 

Beaton. — B E D, being drawn 
tJirough the centre £, is a diameter 
of the circle BAD, and, therefore, 
B A D is an angle in a semicircle, 
and is a right angle (Theor. 14). 

It is manifest that the whole circle R8- »'■ 

BAD need not be drawn, but only portions sufficient t^ 
determine the points B and D. 



(1.) Take any triangle, and erect perpendioulais at the 
middle points of the sides; then, if oorrectty constructed, the 
duree perpendiculars should intersect in one point. 

(2.) Construct a rectangle, 3i inches long and 2 inches 
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(3.) ConBtmot the pointi of the manner's oompan b;- disw- 
ing two lioea at nght angles to one another, and dinding tb« 
four rig^t angles thus formed, each into eight eqnnl parts. 

(4.) A ladder heing 20 feet long, oongtruct a figure, imd find 
by meosnreinent how near a wall the foot of the ladder must 
be placed, that its top may juet reach IT feet up the vail. 
Ant. 10 feet S^ inches. 

74. Pbobi^EK &.—To let fall a perpeadictdar on a Mtraight 
line from a given point wUhottt ii, 

iSxrsQU L — Open the points of the oompassee to a distance 
somewhat greater than that of the point from the line, and 
&om the giren point A, Fig. 38, as centre, strike aros catting 
the line in the points B and ; again from B and G, aa centres, 
with radius equal to about three-fourths of the distance be- 
tween B and C, strike arcs intersecting in D ; the straight 
line through A and B ehall be the perpendicular required. 



fiB.». mS-S»- 

Jea«oii.— Identdcal with that given in Art. 73, Method I. 

Uethoc II. — When the point is so situated that the per- 
pendicular would fall near the end of the line, and the line 
cannot conveniently be produced. 

From the given point A, Fig. 39, draw the straight line 
A B, obliqne to the given line B D ; bisect A B in E ; from E, 
as centre, with radius £ A, or E B, strike an are, cutting tiie 
given line in D ; then the straight line passing through A and 
D phall be the perpendicular required. 

Jb(i*cm.—Identical with that in Art. 73, Method HI., since 
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(l.) Constmot anj triangle, and let &1I perpeudiciilan on 
&a mdee from the oppoaite ukglea. If accurately oouBtmcUid, 
the tliree perpendionlaie will inteneot in one point. 

(2.) A person wolkia CO yards np a slope inclined at 15° to 
the horizon; construct a figure, and find by measurement, 
through whatvertiaal distance he has nsoended. Ant. 12-94 yds. 

The problem of oonetmoting right angles is of such oonatant 
occurrence in all Arts and lianufocturee, that it becomes of 
great importance to possesB the means of performing it with 
the greatest bcility and precision. In the preparation of 
plans and designs ttie demred object is accompliehed by the 
draTing-boord and T-equare, or by the straight-edge and set- 

7&. PbObueu 6. — Tc draw Una at right anghi, by tin itratght- 
tdgtandKt-»quare. 

The set-sqimre is a thin piece of wood or other material cut 
into the form of a right-angled triangle. 



Fig.U. 

Let A B, Fig. 40, be a given line to which it is desired to 
draw a perpendicular through a given point, either in the line 
or without it. 

Mbthop I.— Place one of the sides, C D, of the set-square 
against the given line; place the straight-edge against the 

" 3«e f-jnortf and Stt-tqvm la " M»Hi*iwrii>ri imifsniHtB,* by 3. F. Heatber, 
1I.A.. WealA avM. 
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hypotheDow, C B ; holding the straight-edge firm, slide the set- 
square C D E along it into a new poaitioa C D' E', until the 
side D' E' pusses through the giTen point ; then a line drawn 
along J)' E wilt be the perpendicular required. 
Uetuod II. — Place one of the sides C D, Fig. 41, of the 



eet-square again-tt the given line, and the atraijfat-edge against 
the hypothenusa as before; holding the straight-edge firm, 
turn the triangle over, and place it in the 
new position C IfE, with the other side 
jy E against the straight-edge, and the 
hypolhenuse C E', passing through the 
pTpn point ; then a line drawn along C E' 
•"hnll be the perpendicular required. 

76. Pbobleu 7. — To tett the aoMraa/ of 
'I luppoiedright angle BAG. 

EVora centre A, Fig. 42, strike a small 
arc ; from a point in this arc, and with 
the same radius, strike area intersecting 
the sides in B and ; then if the points 
li D C are in one straight line, B A C is 
: but if not, draw the straight line B D £, 
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tbrough like poiuta B and D, and the atraight line GDP, 
through the points and D; then the angle B DF, or C 0E,* 
IB twice the error, that is twice the angle by which B A 
eitberexeeedser&llaeluwt of a right angle. 

Suppose B O joined, then if D falls within the triangle C B A, 
the error is one of defect, and if it Mil without the triangle the 



TT. Pbodlbu S. — To tett tht aceuracy of a itt-t^uart. 

PlaceonesidBDB.Hg.43,of 
the eet-square in contiict with I" 
a straight line A B, and draw a 
line along the other aide C D ; 
turn tlie triangle over into the R 
new position C D E', place the 
same side D E' in contact with 
A B, and draw a line along y 
C D ; then if the lines I) [ 
and C D coincide, the sot- ^ 
square is correct ; but if not, X 
the angle CDC measures / 
twice the error of the snpposed I 
right angle C D E. 

78. Problem 9.— -iioffiw 
pct'nf in a given straight lint, 
to amttruct aa angle rqual to a given rectiliTtrtil angle. 

Method 1.— Let A, Fig. a, be the given angle, BC the 
given line, andB the given point; from the angular point A. us 
centre, with any convenient radius, strike arcs cutting the sides 



of the angle in D, and B ; from the centre B, with the same ra- 
dius, strike an arc C F ; take the distance firom D to E, as radius. 

 Hh angln BDFaodCDEm muaX IJbtot. t). 




Jet PIUOnO&L PLANE OKOllSTKr. 

and tcma C, ae centre, strike an arc, onttjng F in F ; throogli 
B and F draw tiie atraigM line B F : then shall the uigle 
F B be equal to the angle at A, as lequiiad. 

Beaton. — Suppose straight hnes to he drawn from D to E, 
and from C to F, then the trianglee thiu formed will have 
thair sides equal eaoh to each, and will, therefore (Theor. 2), 
be equal in all lespecta, 

Kbthod n. — Take a piece of paper, and cut one edge, P Q, 
Fig. 45, straight ; place the edge F Q in contact with the aide 
A D of the given angle, and mark upon the paper the points, 
A and Q, where the other side cuts its edges; again, place 



Fig.4S. 

the piece of paper with its straight edge P Q, in contact with 
the given line B C, and the point marked in this edge in 
coincidence willi the given point, B ; mark at H a point in 
coincidence vrith the mark on the other edge of the piece of 
paper; remove the piece of paper, and draw a straight line 
through the points B and H ; then shall the ai^le F B be 
equal to the given angle at A, as reqnired. 

Setuon. — Identical with that given for the preceding method, 
the triangle H B Q being an exact copy of the triangle 6 A Q. 

This method indioates the means of constiucting protractors, 
to set off angles, given by their measurements, or to measure 
angles already laid down. 

79. Pkoblbm 10. — To comtrud a plan of aprctraclor of the 
ordinary form, and graduate it at every 15". 

CoDstruct a rectangle A B C D, Fig. 4B, six inches long, and 
I ^ inohes broad ; bieectAB at right anglea by the straight Une 
P Q, and mark the point where this Uue cuts the ^e D of the 
rectangle 90'' ; on P B and P Q describe equilat«ral triangles 
P S B and P B Q, and mark the points where P 8 and P B out 
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01>, eO^BndSO", MHpoctiYelyj biaoct each of the aaglei B P E, 
BF8, audSFQ, emdmark thepointa where thebisectiikglibeB 
cut the sides BO and OB at tiie rectangle, 15°, 46°, and 75°, 
reepectiTelji repeat the oonatructdon on the other half of the 
protractor, and number the graduations from 90° to 180° ; then 
the plan of a. protractor will be formed and gmduated as desired. * 






gtven point to draw a 



80. Fbosleu U.— Through . 
paralM to a given straight line. 

Method I. — Open the points of the compasses to a distance 
somewhat greater than the distance from the point to the line : 
from the given point A, : " ' " ~ 

Fig.47, as centre, strike 
an arc B "E, cutting 
the given Une in the 
point B ; from centre 

B, with the same ra- 
dius, out the line ^ain 
in the point C ; take 
the distance from A to 

C, and set it offfrvm B 
to E on the aro 
then the straight line 
drawn through E and A shall be tile parallel required. 

Seaaon.'^Ii A E be joined, the angles E A B and A B C are 
eqnol, and they are alternate angles ; hence the lines E A and 
B are parallel {Theor. 8). 

Metbos H. — B]f m*ant of fhs atraight-tdge and let-iquare. — 
Placff one side D E, Fig. 48, of the set-Bquare in contact 
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with the given line fi C ; place the etraight-edge agninat 
the hypotheuiue DP; holding the Btraight'edge firm, elide 
the triangle along it int<i the new pomtion D' B' F, in 
which D' E' passes through the given point A ; then a line 
drawn along the edge D' E will be the purellel required.* 



Fig.U. 

B the exterior angle E D P, ia made 
equal to the interior and opposite angle E' I^ I" ; hence the 

"" "' e parallel {Theor. 9). 



lines D' £* and D £ a 



61. FBOBI.EU 12. — To draw a ilr,tight lint pandM to a 

givtn ttraight line at a given dietmx/rom it. 

Take two points on the given line, the more remote from, one 
another the better; erect 
perpendiculars at these 
points; setoff the given die- 
tance from the points A and 
S, Fig. 49, to the pointsC 
and D on the perpendicu- 
lars ; then the etraight line 
drawn through C and D will 
be the parallel required.* 

Or, erect the perpendi- 
cular A ; set off A equal 
to the given distance ; at 
erect C D perpendicular to 

C A ; then C I) ehall be the parallel required. 



Fig. «. 



Eecuem. — Tha two iulierior angles B A. 0, A C D, are Qiua 
made equal to right angles ; heac« the liuea C D and A B are 
ponOlel (Theor. 9). 

82. Pboblbx 13. — To bitect the an^Is by which ttvo itna'sht 
line* are inclined to one anot/ier, when tA« line* do not m*et, and it 
is not eonvtnieiit to produce then%, 

Pafallel to the two given straight linM, Fig. SO, and a1 
equal distances from them, draw two straight Udm to meet in 
the point E ; ta^e any convenient distance between the points 
of the compasses, and with this distance strike an arc from 
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centre E, outtinj; A B and C D in the points B and D ; from 
centres B and B strike arcs with equal radii intersecting in 
F ; tlien the hne passing through the points E and F shall 
be the required bisecting line. 

Reaeon. — Draw E A and G C perpendicular to A B and C D 
respectively ; then E A and E C are equal by construction, and 
also E B and E D; therefore the aqnarea on E A, A B, are 
eqnal to the tqnarea on E C, D (Iheor. 13} ; and, therefore, 
snce E A is equal to E C, A B is also equal to C D, and tho 
triangles E A B, E C D are equal in all respects. In like 
manner if B A and D G could be produced to meet, and the 



line E O were drawn from E to the point of meehi^, the two 
triangles thus fbrmed would be equal in all isspeota, and the 
angle fanned by the two given lines would, therefore, be bisected 
by the line E 0. Also the angle B B A being equal to the 
angle D E C, and the angle G E A t« the angle O E C, the 
whole angle O E B is equal to the whole angle O E D ; bat, by 
the oonstruotion the two sides, F E, E B, of the triongleF E B 
were made equal to the two sides ¥ E, E D, of the ttiang^ 
FED, and the base P B to the base F D ; therefbre the an^ 
F E B is equal to the angle FED (Theor. 2). Hence the two 
angles FEB and O E B are equal to the two angles FED 
aud O E D ; bat the four angles are together equal to four 
right angles (U); therefiirB FEBondOEBare together 
equal to two right angles, and therefore (Id) Q E and B F aie 
in the same straight line, and therefore Q E F is the required 
bisecting line. 



Draw two parallel lines, each 3 inches long, at a distance 
apart of 3 inches; at one extremity of one of the parallels erect a 
perpendicular | inch in lengtli, draw a line to pass through Qio 
other extremity of the line and the end of the perpendicular, 
and draw a line bisecting the angle between the line last drawn 
aad the other parallel. 

83. PaoDLRH 14. — Through a given point bdwetn ttoo straight 
Unet not paraUel, to drato a third »lraight line which thail be 
hiftcted in that point. 

Ihroagh the givea point A, Fig. 51, draw the straight line 
A E, parallel to B D, 
one of the given 
straight lines, and 
meeting the other 
given Ime, B 0, in the 
ptnnt E ; make £ C 
equal to E B; join 
C A and produce it to 
meet the line B D in 
the point D, then D 
is the required line 
bisected in the given 
^'«"- point A. 

AcoMn.— Through E draw E F parallel to C D, then in the 
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triuglwBBF, EC A, the mde B E ia «qiul to tiie eide EC, 
and Qie anglee F B E, B E F, are leepeotiTely eqtul to tlie 
sQglw AEC, EC A; therefore (Theot. 3) F E ia «qnal AC; 
bat F E is equal to A D (Theor. 1 1] ; therefore A C is equal to 
A D, and C I) is bisected in A. 

Exercise. 
The lengths of the three sides of a trianple are 1 1 inches, 
I| inches, and 2 inches ; take a point on tQe last side, i incb 
from one of its extremities, and through it draw a line to be 
terminated by the other sides, or these aides produced, and 
bisected in the point taken. 

84. Pboblkv 16. — From two givenpoinlt to draw two ttraiffht 
lines, to meet upon a lint fftiMn in poaititm, attd make equal angira 
with this line. 

From one of the giren points A, Fig. S2, draw A C perpen- 
dicvdar to tiie line C D given in position ; produce A C to E, 



ng.w. 

making C E equal C A ; draw E B joining E with B, the other 
^ven point, and meeting the line O I> in the point D ; join A D, 
then A D and B D shall be tiie lines required. 

itMSon.— Since A C, C D, are equal to E C, C D, and the 
angle A D to the angle E C D, therefore (Theor. 1) the tri- 
nnglea A C D, E C D, are equal in all reapeists, and the angle 
A D C ia equal to the angle E D C ; but the angle B D F is 
either identical with, or verticallj opposite to £ D C, and there- 
fore eqnal to it. Hence the angles ADC and B D F are in 
both cases equal to one another. 
C2 
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Should B E be psnUlel to C D, uo two lines can bo drawn to 
m«et on the giTsn line and nuike equal angles vitk it. 



The sides of a triangle hare lengths of I'T inohm, '9 inches, 
and 2 inches respectiTelj ; from the middle points of two of 
the sides, draw stiaigbt lines to meet in a point upon the third 
side and make equal angles with it. 

85. Pboblbk 18, — To find a poi-at m a line givtn in peti- 
tion vihich »hall be tqually dittant from two givtn point*. 
Drawtbeline AB, Fig, 63, joiningthe two given pointaAand 



B : bisect A B at right an^es by the straight line C D, inter- 
eectiug the given line in the point D ; tiien D shall be the 
required jwint. 

Anuon.— The triangles A C D, B CD, have the sides A C, C D, 
reapectiTeljr equal to the sides B 0, C D, and the angle A C D 
equal to the angle BCD; therefore (Theor. 1) A D is equal 
UOJ). 

If A B be peipendicular to the given line, C D will be parallel 
to it, and tiiere will be no point on the line eqatdielant £roin the 
given points. 

EXEKCISB. 

Tbe base of an isosceles triangle isl inch long and each of tlie 
sides 2 inches ; find a point in the base produced equally distant 
from the vertex and the middle point of one of the sides. 

86. Fboblem 17. — To amstrtift a triangh having given two 
tides and the included angle. 

Draw a straight line and set off on it A B, Fig. 64, equal in 
length toai, one of the given sides, constroct the angle B A C, 
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eqtul to the given uigto & <> c (Piob. 9) ; aet off on A C Uiu 
distance A C equal to a c, the other ^ven nde, uid join B C, 
then ABO will be the reqniied tiiuigle. 

EXX&CIBES. 

(1.) Uake a tiisngle hanng two of ita aidea 2 inchee and 2{ 
inches loi^, reapectlTely, and the 
an^e between them 4S°; deter- 
mine by measmement the length 
of the third aide. Ant. 1-94 
inches. 

(20 Two sbipa sail from the 
same epot at the same time, one 
going due north at the rate of 6 
miles an hour, and the other 
south-east at the rale of 10 miles 
on hour ; find how &r they will 
be a,pext at the end of 3 hours. 
Ana. 33} tmlee. 

87. Peoblem 18.— ro amttnut ^*- "■ 

a IriajigU, honing givtn ant tide, andtbe tioo angltt adjacent to thii 

Draw a straight line and set off on it A B, Fig. B5, equal to 



the given aide, a b ; construct the angles. B A C, and ABC, 
equal to the given angles b a c, and a b c (Prob. 9] ; then 
A B ia the triangle required. 

ExEBOiaES. 
(1.) The base oJF a triangle is 60 feet, and the angles at ths 
base are 60° and 4fi° ; construct a figure and find by measure- 
ment the perpendicular distance of the vert«z from the base. 
~Ajis. 31-7 ft. 
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(3.) Hke boM of tuk iosoeles triang^ bong 1 inolieB, and euA 
of the angles at the baae 30°, find the length of each of the 
Bides.— ^ru. 4-04 incliw. 

Nott. — Since the thi«e anglea of a ttiani^ are eqtu^ to tvo 
right anglea, when any two angles of a triangle are given the 
third angle also ia given, and henoe this probleia inolndee every 
case in vhioh one side of a triangle and two of ita angles ^ 

(3.) A man walks 3 miles, tnma throogh an angle of 60° and 
wsJhs on further, and, after a time, turns sgaia through an 
angle of 150°. and walks hack to the point from which he 
started ; how fer did he walk altogether P — Ati*. Hi miles. 

88. PbOblbm 19. — To corutriMt a trianglt, having givta turn 
tidee and tht angle opptnile to one of the»e tidtt. 

CouBtruot the angle ABC, !Fig. 66, equal to the given an^ 
ubc; make B A equal to 6 a, the given side adjacent to the 



given angle ; from centre A, with radiiis equal to a e, the side 
opposite the given angle, describe an arc catting B C ia the 
point C : then ABC will be the required triangle. 

Draw A D perpendicular on B C ; then it is manifest that if 
the side opposite the given angle be less than A D, no triangle 
can be described to answer the required conditions. If this 
side be equal to A D, the triangle will be light angled. If this 
dide be greater than A D, but less than A B, there will be two 
triangles answering the required conditioae; the two positions 
of the angular point C being equally distant from the foot D 
of the perpendicular. 

Lastly.— If the aide opposite the given angle be greater than 
the other given side, there will be only one solution (Pig, S7), 
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(1.) Tha hypothentue of a right-ani^ triang^ G 

inchea, and one of the sides H incli«8. CoiiBtruct the tnangle. 

(2.) One angle of a triangle is 30°, one of Uie sides contaiit- 



ing it ieS^ inohee, and the side opposite to it is 1{ inches. Con- 
struct the triangle. 

(3.) One angle of a triangle is 45°, one of the sides contain- 
ing this angle is 2 iuchsB, and the side opposite to it is I^ 
inches. Construct the triangle. 

89. Pbobleic 20. — To cotutrud a triangle, having given one 
angle, a tide adjacent to it, and the nan of the other two lidei. 
Gcautroot the angle DAB, Fig. 68, equal to the given angle 



cab; make A B equal to the given side, a b, and A J) equal 
to a d, the given som of the otber two, and join D B ; draw 
B C, making the angle DEC equal to the triangle fi B A. 
and intersecting A D in C ; then ABC shall be the required 
triangle. 

Atown.— The angle B D being made equal to D B, the 
side B is eqnJ to D (Theor. 4) ; therefore A 0, B, to- 
gether, are equal to A D, the given sum. 



vKtencAi, piAHK aKOtran. 



(1.) Hie base of n triangle meaanrea 2 iuchea, Qie other tvo 
eidea together 2^ inches, and one of the angles at the base is 
40°. Oonalract the triangle, 

(2.) To get to a spot 4 miles due east from him, a man walked 
for some distance north-east, and than made stnight for his 
destination, walking altogether S miles ; how for did he walk 
before changing hie diteotioa ?—Ant. 207 miles. 

90. Problsu 21. — Toanutmcta triangle, having givm one 
atgU, a tide adjaaint to it, and tlie difference of the other two aides. 

Construct tiie angle DAB, Pig. 69, equal to tiie given angle 
dab; make A fi equal to a i, the given side, A D equal to a d. 



ng.8o. 
the pven difference of the otiier two sides, and join 6 1> ; pro- 
duce A D, and draw B 0, making the angle D B equal to the 
angle B D C, and meeting B D produced in C ; then ABO 
shall be the required triangle. 

iJeoWHi.— The angle D B C having been made equal to the 
angle B D C, the side B is equal to C D (TheoT. 4) ; therefore 
the excess of A above C fi is A D, the given difference. 



One side of a right-angled triangle measures 4 inches, and 
the difference between the hjrpothenuse and the other side 1 inch. 
Constmct the triangle. 

91. Pboblbm 22. — To eonttrttet a triangie, having given ont 
angle, the tide tj^Mtile to thii angle, ami the mtm of tht two tidet 
containing it, 

Conatruot the angle B D C, Fig. 60, equal to half the given 
angle iae; nuke DB equal to d i, the given sum of the two eidea; 
from oentra B, with diatanco equal to 6 c, the given aide, inter- 
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soot D C in the point C ; from diur 6 A, makiiig the uigl« 
DC Aeqn&lto the angle C D B, and meeting B D in A ; then 
ABC shaU be tiu required trikngU. 
Beaton. — Since tJie sngiea A C D and ADC are eqnal, the 



angle B A 0, which ia equal to these two angles (Theor. 5], ia 
double of one of them, and is therefore equal to the giyeu 
angle. Also D A is equal t» A C, and therefora B A, A C to- 
gether are equal to B D, the given sum ; and B C was made 
equal to the giTon side. 



One angle of a triangle is SO", the two aidea containing it 
measure together 2^ indiee, and the aide opposite to it H 
inches; oonstraot the triangle. 

82. PaoBLBif 23. — To eoiwtruct a triangit, having given one 
angle, the tide oppotite that angle, ajtd the difference of the two 
aides containing it. , 

Hake BD, Pig. 61, equal to 6 i the given differenoe, and draw 
D E at right angles to B D ; make the angle E D G equal to 
half the given angle hae; from centre B, with distance equal t« 
ji e, the given side, intersect D C in ; produce B D, and draw 
A, making the angle D A equal to the angle C D A and 
catting B D prodnced in A ; then ABC shall be the required 
triangle. 

Beaton. — Draw A T perpendicular to D C ; then because the 
angle B D is equal to the two angles D A F and A F D, and 
that B D E ia equal to A F D, each of them being a rigth 
angle; therefore E D C is equal tfl D A F ; and, therefore, 
D A r is half the given angle. Again, because the angle 
A D F is equal to the angle A F, the right angle A F B to 
o 3 , 
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the ri^t angle A F 0, and the mde A F, oommon to the twd 
triangles A F D, A P C, theae two triangles are e>|nal in all 
reepecta, and, therefore, the angle D A F to the angle F A C ; 



Ke.fli. 
therefore the whole angle B A C is double of B A F, and, 
therefore, equal to the given angle. Also, the aide A C is 
equal to A D, and therefore the excess of A B above A C i« 
equal to B D , the given difference. 

EZEBCIBE. 

One angle of a triangle is 30°, the difference of the sides 
containing this angle measures half an inch, and the mda 
opposite to it measures two inches. 



03. Problem 24. — To conslrud a square upon a given straight 
tffETBQD I. — Take the length of the given line A B, Fig. 62, 



PBAoncAL PLAMX axomni. 66 

between the points of the oompaaBM ; uidfroiiIoeiitrMBuidA, 
describe aros, A D and B C £, mteneottng in C ; from u 
oentre, with the «une nidina, strike area intersecting the area 
A C D, and B C E, in the points D and E ; mark the points F 
and G, in which the strai^t linea B E ftnd A D cut the ares 
A and B ; from centre 0, with radiua F or O, out the 
tirce C D and £ in t^e points £ and H; join AH, H K, 
and S. S ; then A H E B is the square required. 

Reason. — C,A, and B being the angular paints of an equilateral 
triangle, the angles CAB and B A are each two- thirds of a 
right angle ; and these angles being bisected by the lines A D 
and B E, and the angles A H and B E made equal to the 
bisaotiODB, and coneequentl; each equal to one-third of a right 
ang^, the entire angles H A B and A B E are therefore 
right angles. Henoe A H and B E are parallel, as well as 
equal ; and, therefore, H E and A B are also parallel, and the 
figure H A B E is a pa- 
raUelogram. But it also 
has its ai^aoent sides at 
right angles and eqnal to 
one another; and there- 
fore is a square. 

The equality of the four 
area AP, FC.CG, QB, 
ie a test of the accuracy of 
the constmolion. 

UsTHOD n, — Strike the 
arcs ACE and BOH, 
Fig. 63, aa in the first 
method ; from centre C, 
with the same radius, 
strike arcs at D and E ; 
mark the points D and E 
in which the straight lines 
A C and B cut these 
arcs ; draw the strught 
lines A E and B D, cut- 
ting the arcs A and B 
in the points H and E, ^e- «»■ 

and join EH; then A B E H is the squu« required. 

Seaton. — ^The points D and E are the extremitiBs of semi- 
circles pasui^ through A and B ; hence Uie angles at A and B 
are right angles, and H A B E is a square. 
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} 94. PboBLXK 36.— To prodvee a atraight Kn« «mM tht rret- 
angle aontained by tht lehota line produced, mtd the part of ii 
pTt/dueed, it tqutU to tht «;uars ttpon tAa onginal line. 

From the ex- 
I tramity B of the 
line A B, Fig. 04, 
drawBOatr^ht 
angles to AB, 
and equal to it ; 
bisect A BinD; 
firom. oentoe D, 
with tadine D C, 
describe an arc, 
and produoe A B 
to meet this arc 
in Uke point £ ; 
Fig-M. then the rect- 

angle A E, E B, shall be eqnol to the square on A B. 

AE, EB + DB'' = DE> (En. II., 6) ; 
andDE' = DC = DB' + BCCHeor. 12); 
thereforeAE, EB = BP = AB'. 
(SwalsoEu. II., 11.) 

M. Pbobleh 26. 
— On a given baae to 
etHutrud an isoac^ea 
triangle, having each 
of tht anglet at th* 
boat deuiie of tht 
third angle. 

By the preceding 
problem, produoe 
the given line A B 
to E, Fig. 6$, so that 
the rectangle A E, 
E B, shaU be eqnal 
to the square on AB; 
then A E is the 
length of each of the 
equal iddee of the 
Cig. «. required triangle 

(En. IV., 10). 
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96. Probleu 37. — On a given ba* 
and tquitmgtUaf pmiagom, t)r figttre of JIv ridm. 

Oonstniot on the giTeo bMt, A B, Fir. 86, «ii iaoMalen 
triangle, ABO, har- 
ing efioh of the angles 
at the baee donble of 
the third angle ; with 
radius A B Htrike ftram 
centres B and axes 
intersecting in D, and 
iirom A and arcs 
intersecting in E ; 
thenABDOEahall 
be an eqnilatenl and 
equiangular penta 
gon. 

For pcocrf MB Eo. 
IV., 11. 

A check on the ac- 
ouraoyc^the vork ia iii.«fc 

given by the condition that the five diagonelt AD, B C, D E, 
OA, £B, are «a equal to each other. 



a givm ioM to ixnttrael an eqaUaUrai 



97. PROBLEif 28. — Ch 
and eqaiangvlar Kaatgon 
or figure of aix tidtt. 

On the given base A B, 
Fig. 67, describe an equi- 
lateral triangle ABO; 
from centre 0, with radius 
C A or C B, describe a 
circle; produce AO and 
B C to meet the circle 
again in the points D and 
E ; set off the diatonoe 
A B from B or D to F, 
and from A or £ to G^ ; 
then A B F D £ a will 
be the hexagon required. 

For proof see Eu. IV,, 13. 

Xbe points Q, C, and F will be in a straight line. 



Fw.«r. 



98. PBOBi.m( 29. — C 
and tquiangtiiw octagon, 



a given bate to wndrud a 
figure of eight tide*. 
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From th« eztramity B, oftliebMe AB, Fig. 68, draw B Cat 
rightuiglMtoABi HtoSBOeqoalto AB, uidCDeqiuJto 
C A ; oompleto the notangle A B D E, and draw its diagou&U 
intersactisg in F ; with 
centre F describe a 
circle about the rect- 
angle ; from the angular 
points of the rectangle 
Mt off the diatauoe A B 
to the points O H E, 
and L, on the oiroum- 
ference ; and, joining 
the a4J"<'^^^ points, the 
required octagon will be 
described. 

Beaitm. — Since A is 

equal to D, the an^es 

CAD and C DA are 

equal (Theor. 4), and 

'*■'* the angle A C B is 

therafore doable the angle D A (Theor. S). In like manner 

the angle A F B is also double the angle C D A, and therefore 

equal to the angle A C B. 

Again, ABC being a right angle, BAC and ACB are 
together equal to a right angle (Theor. 5); and they are 
also equal to one another; therefore, each of them ia half 
a right angle ; and hence the angle A F B is also half a right 
angle. But the triangles B F O and B F H are each made 
equal in all respects to the triangle A F B ; therefore the 
angles B F O, and D F H, are also each half a right angle, 
and therefbre the remaining angle H F G is also half a right 
angle. In hko manner the other four angles at F are each 
half a right angle ; hence the eight triangles, having tbeir 
verticea at F, have their vertical angles, and the sides contain- 
ing these angles, respectiyelj, equal to each other, and are 
therefore equal in all respects, and consequently the sides of the 
octagon ar« all aqoal to each other, and so also are its angles. 

To check the accuracy of the construction, see tliat L Q- and 
E H are each equal to A E or B D. 

99. PkobXpSU 80. — On a given bale to amtfrvct an tqaHateral 
and tjttiangular polygon, or many-tidtd figure, whatever be the 
number ofiida. 
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Divide 360^ by twice Qie nninber of sidee; subtnot the 
qnoticmt from 90°, and the renuunder will be the meoanie of 
each of the angles between the sides of the figure and the radii 
of the oircnmscribing circle. Hence setting off fhia measure- 
ment from either end of the base, the linea thus drawn will 
iiit«rseat at the centre of the circumscribing circle. 

For example, let it be required to describe a regular hepta- 
gon, or eeren'sided figure, on a base two-thirds of an inch in 

360° 

-jj = 85*°. and 90° - 25* = 64t. 

Set off, therefore, at A and B, the angles B A 0, and ABO, 
each equal to 64f ; then C, 
the intersection of A and 
B C, is the centre of the 
circle oiicumscribing the re- 
quii«d heptagon ; with centre 
and radius C A or C B, 



the required heptagon will 
be described. 

Beaton. — Each of the 
angles C A B and A B C 
being 64}°, the angle A C B 
is 180— 128t, or 61} which 
ia equal to -=- ; hence 

there are seven such angles Tig- M> 

contained in a complete revolution. 

From the difficulty of setting off the angle 64} with suf- 
ficient exactness, the points of the compasses, moat probably, 
will not at first come wnind to the points from which they 
started, and the position of C will have to be slightly altered ; 
but after two or three trials the object will be accomplished. 

100. Fboblku 31. — To cwisfntd a trapezoid of given dimen- 

Let A B D, Fig. 70, be any trapezoid; draw B E pa- 
rallel to D C; then the problem is reduced to the constmction 
of the triangle ABE, and the completion of the parallelogram 
B B C D. 
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Let the Ungfhi of tht pamBel tidt* ht S feel and 2 fett, and tht 
Itn^tlfo/ thealopai/ettandi/aa. 



Fig. TO. 

DrairUie straight line AD, Pig, 71, S feet long: set off 2 
Feet from DtoE; from centres A and E, vith racUi of 4 feet 



Kg. 71. 

Bud 3 feet, rec^wobTely, strike area interaecting in I 
A B, B E. and complete the paiallelogram E B D. 



Lr,t the lengths of t?te pairatlel tidei be 7 feet and 3/etl, and the 
inclinatioiu of the ihpet he 60" and 45". 



PRACTICAL PUMB 



fbet ; make the angles £ A B, and A E B, eqiul to ft 
raepectiTel}', and oomplete tbe panUlelogram B B G D. 

Let the viidth of a ditth be B feet, it» depth 3} /erf, and the 
itteHnafion of the tlopet 42° and 64°. 

I>nnrAD, Fig. 7S, and FB at tight angle* to one another ; 
MloffFBnqaaltoHfeet; make the angle* F B A, and F B E 



equal to36° and 48°, the complementB of ^4° and42°, rSHpectiTelf ; 
eot off A D equal to 8 feet, and complete the parallelogram 
EBCD. 

101 . Ever; rectilinaal figure can be divided into trianglee, and 
in order to construot it sufficient data must be given for the 
oonetrnction of each of these triangles. 

102. EzEROisES on Chapter H. 

(1.) A man walks dne east 3 miles, and then aonth 2 miles. 
Construct a figure and find how for he ia &om home. — Abm, 
3-8 miles. 

(2.) Conatraot a equaraon a line inches long; take a point 
on one of it« diagonals at 3 inches distance from one <rf the 
ai^lee throun^ which it is drawn, and find the distances of this 
point from each of the other angles of the eqnare. — Aiu.i-01, 
8'd8, and 3-98 inches. 

(3.) Draw a atrai^t line A B, whose length is limited by two 
stimght lines drawn through a point F, 2'2 inches above the linti, 
the angles B A F, A B F. being 54° and 30° respectivelr. 
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(4.) The pesimater of a triang^ measures 10 mdies, luid two 
of its angles aie 35^ and d5^ reapectiyely. Gonstract it fiad 
measure the length of the sides. Ana. — 2*4, 3*42, and 4*18 
inches. 

(5.) The sides of an eqniangnlar hexagon are alternately 2 
inches and I inch. Gonstmct the figure and measore the 
lengths of its diagonals. Ana, — ^2-65 inches and 3 inches. 

(6.) In a quadrilateral field, A B G D, the dlstanoe A D is 
120 yards ; B £ and G F are perpendiculars upon A D ; A E 
and D F are each 40 yards ; B £ measures 80 yards, and G F 
60 yards. Gonstruct a plan of the field, and give the measure- 
ments of the other sides and of the diagonals. Ans, — ^AB=: 
50 yards, B G=60 yards, G D=7211 yards, A G=:100 yards, 
B D=85*44 yards. 

(7.) Describe a square upon a line 3 inches long ; describe a 
triangle on the diagonal of the square as base, haying its ver- 
tex on the middle point of one of the sides of the sqxiare; 
and measure the sides and angles of the triangle.^- 
Ant. — Sides, 1^ inches, 5^ inches, 4^ inches. 
Angles, 18° 26', 45**, 116° 34'. 

(8.) Find the height of a tower whose angle of elevation 200 
yards off is 15°. — An$, 53f yards. 

(9.) A man finds that the angle of elevation of the top of a tower 
is 60°, he recedes from the tower 30 yards, and finds the angle 
reduced to 30° ; find the height of the tower. — Ans, 26 yards. 

(10.) A tower stands on a cliff; from a boat 100 yards firom 
the base of the cliff, the elevation of the foot of the tower is 
15°, the boat being moved 100 yards further off, the elevation 
of the top of the tower is 15°. Find the heights of the cliff 
and the tower. — Ans, Each 26$ yards. 



GHAPTEB in. 

ox THE DIVI8I0K OF LIKES AND THE CONSTRXJOTIOir OF 

SCALES. 

Theobems. 

103. Theob. 15. — If a straight line be drawn parallel to one 
of the sides of a triangle it shall cut the other sides, or these 
produced, proportionally. (Eu. YI. 2.) 

104.. Theob. 16. — ^In a right-angled triangle, if a perpem- 
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dicnlar be dnvn from tfae right uiglfl to the baes, tho perpen- 
dicnlar is « mean proportional between the tegmants of the 
bow ; and each of the aidea ia a m«ui proportional between the 
baae, and the aegment of it a^jaoeiit to tliat aide. (Ea. YL 9. 
Cor.) 

105. Thboh. it. — If any nnmber of straight lines be drawn 
pandlsl to one of the sides of a triangle, titey shall eat the 
other sides, or these produced, eunilarly. [En. TI. 10). 

lOfi.* Thbdb. 18.— The sides about the equal ang^ of equi- 
angular triangles are proportioaalB; and those whioh are oppo- 
site to equal angles are homologous aidea; that ia, are ante- 
cedents or couHequents of the ratios. (Eu. YI. 4.] 

Fbosleks. 

106. PsOBLEU i2.--To find a third pToporiional to two givtn 
ttraight Una. 

Method I. — Let the lengths A B, A 0, Fig. 74, of the two 
lines be set off teoa the angular point upon the two sides of 
any angle B A 0; set off A again ttom A to D on A B, or 
A B produced ; mark the point E, in which a parallel through 
D to the line joining B and outs A C ; then A E will be the 
third proportional required. 



Fig. J*. 

Bea*on.— ABisto AD as AC to AE (Theor. 16); but AD 
ia eqnal to A 0, therefore ABiatoAOasACtoAE. 

iiETBOJ) n. — Conetnict a right angle B A C, Fig. 75, and 
let the lengths of the two lines be set off from A to B and 
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C ; join 6 C, and drav D at lig^t angles to it, to meet B A 
produced inD; then will AD be the thiidjwoportioiial required. 



Jlnuon. — fijTheor. 16, AC is a mean pn^rartioual between 
B A and A B, or A D is a third proportional to B A and A C. 

Mbchod m. — Oonstruot a right-angled triangle having the 
shorter of tJie two given lines, A B, A 0, Fig. 76, far one of 



its sides, and the longer ibr its hTpothsAuse ; from C draw C D 
at right angles to this hypothenuse, cutting A B, or A B pro- 
duced, in D ; then ahall A D be the third proportional required. 
Reaion. — By Theor. 16, A is a mean proportional between 
A B and AD; or A D is a thiid proportional to A B and A C. 

Exercise. 
The hypothenose of a right-angled triangle meaaures 3 
inohea, and its acute angles measure 30° and 60^ ; a perpen- 
dicular being drawn trota the right aagte to the hypothenuse. 
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Gud Ourd proportioaala to the hfpothennM and each of its 
segments, and measure them. — An*. H inch, uid iV inch. 

107. Pbobi^EU 33.~Tofind a mtan prvpoHional betuitat tmo 
given »irtiight Ami. 

Method I.— On • stnight Una B C, Fig. 77, wt off B A mnd 
A C eqniil to the given lines ; on B deeoribe a semicircle 
B D C. and ftom A draw A D perpendioolu to B C, meetiiig 



the oircumfeiuioe in D ; then A D is the required mean pro- 
portional. 

Beaton.— 11 A D, D Iw drawn, tiiB angle A D C ia a right 
angle (Theor. 14) ; therefore A D is a mean proportional between 
B A and A C (Iheor. 1»). 

Method II. — Upon A B, Fig. 78, the longer of the two lines, 
describe a eemictrole 
ABB; setoffAC equal 
to tlie shorter of the 
given lines, and flnun C 
erect the perpeadicular 
O D to meet the cir- 
cumferenOB in D; then 
the straight line A D 
fihall be the required 



BeaitBi. — As before, yig. ^j, 

A D B IB a right angle, 

and therefore (Theor. 16) A D is an ean proportioital between 
A B and A 0. 

EXEROIBE. 
Find a mean propoTtioual betwe 'ii the Bide of a eqnnre iind 



its dwgonkl, Qie lengUi of the side b&ag Siincbea.— Jn*. 
2 H iudies. 

108. Pboblsu 34. — To divide a given Una timilarlj/ fo a gieni 
divided line. 

Let A B. Fig. 79, 
be the given line t« 
be divided, and G D 
the divided line, di- 
vided into Uie porta 
OE.EF, FG, GH 
and HD; join BC; 
drsTT lines paral- 
lel to BD through 
the points H, G, 
F, and E, inter- 
'''«■'"■ eecting B in the 

points N M L and K; again draw parallels to A G through 
the points E, L, 1£, and N, intersecting A B in the points O 
F Q and B ; then A B will be divided similarly to C D. 

Bmson.~Sj Theor. 17, C B is divided ainularly to C D, and 
A B ie divided similarly to B ; tlierefore A B is divided 
similarly to C D. 

ChecJi. — The problem may be solved in a like manner by jwn- 
iug A D. 

109. Fbobleic 35. — Tii^ atraightlinttbting given which would 
itiUriect if produced /ar tnough, to draw linet tknmgh givttnpoinlt 
which ioould, if produced, patl through the aame point o/inter*eUio>i. 

Let A B and C D, Fig. SO, be the two Btrsight lines in the 
pame plane, which are not parallel, and would, consequently, 
meet if produced, and let P be a given point ; through F draw 
a straight line A C, not parallel to either of the given lines, and 
let it cut them in the points A and C ; at a distance from A C, 
66 great as may conveniently be taken, draw a straight line, 
B D, parallel to it (Frob. 11), cutting the given lines in the 
poinU B and D ; join A D ; through P draw P E parallel to I> 0, 
ineetingADinE; through E draw E F parallel to A B meeting 
B I) in F ; then the straight line F F will pass through the point 
of intersection of A B and C D. 

Seiuon. — The line B D is divided similarly to tiie line A C 
(Prob. 34], and hence 

AP;PC::BF:PD. 

Now let G denote the point in which the hnes A B and P F 



meat when prodnoed ; then will the triuiglea OAF and B F 

be eqaungnlar (Theor. 9], and hare the aides Abont titeii «q««l 

Mglee pioportionalfl (Tlieor. IS). Thsiefora — 

AP : BF::PG : FG 

MidAP : AP — BF::Pa : PF 



In like znanner, if H denote the point in which the lines P F 
and C D meet when produoed 

PC : PC— FD::PH : P F. 
But ainwi AP:PC::BF:PD 

AP : AP— BF::PC : PC — FD 
Therefore PG:PF::PH:PF, 

and Oierefore P G is equal to P H ; bo that G and H coincide, 
and tbe lines A B, C D, and P F meet in the same point. 

Check. — The problem may he solved in like manner by join- 
ing BC, and drawingliuesSratpaiolIel to A B and then to CD. 



The horiBOntal line in a picture being giyen, and the perspec- 
tire line representing the t«p of a house &ont, to draw the per- 
spective lines for the windows, Ac. 

Let A B, Fig. 81, be the horizontal line, C D the top of 
the face of the building, and A its front edge, and let 
the heists of the bottoms and tops of the windows be 
marked at B, F, G, H; take a vertical line close to the ed^o 
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of the paper, produce A B, B, tomeet Uat H andT, ondby 
Uie preoeding problemB divide H T at M, N, F, Q^ Bimilorly 
to A C ; then tba lines E M, F N, P, and B Q, will give the 
bottoms and tops ot tlie windows. 



DIVISIONS OF LINES INTO EQUAI. FARTS. 

1 10. — The mode of bisectiiig a line has already boon pTOn, 
and by continued biseotion a line oan be divided into 4, H, 
16, &a., equal parts. 

111. — Problem 36. — To trittet a ^iwn straight line A S. 

Method I. — On A B F^. 82, describe the eqailat«ial triangle 
ABO; bisect tbe angles at 
A and B by lines intersect- 
ing in the point D, and 
through D draw paiallels 
to A and C B cutting A B 
in the points E and F ; then 
will A B be divided at E and 
F into three equal part«. 

Beaton. — The triangle 

D E F is equiangular 

(Theor. 9) to the triangle 

ABO. and therefore equi- 

"B-**- lateral(Theor.4); theangle 

ABE is equal to the angle DA C (Th or. 8), and, consequently. 
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to the angle DAE; therefore A E ia eqwJ to E D, tlwt U to 
E F ; and in like manner B F is also equal to E F. 
Method II. — Draw A D, 



Fig. 83, making any angle 




with AB; and wt off on 








L BD, and 




ftking D B 




ihrougliE 




traiglitline. 




in F ; and 


waparallal "»■**■ 


; ABinG; 





r being parallel to the aide DO of the triangle 

I to FG as AC to CD(Theor. 16); but AC i» 

tiieretoiv also A F is equal to F G. Again, G D 

to F E, a Bide of the triangle B F E, F G ia to 

OB aa ED toDB; but ED ia equal toDB; therefore aleo 

FO ia equal to OB; therefore AF, FG, and OB, an equal 

to each other, and the line AB is triaected in F and O. 

Method m.— From A and B, Fig. 64, drav AC and BD 
parallel to one another ; on these lines set off A £, E 0, B F, 
F D, all equal to each other : ^^r i;y ",'i ' , " f ~ OQ r i' ' 



join DE, and OF, interoeot- 1 

ing A B in the points O and i ;*i;^^ 

H; then A B shall be divided Lf^^% 



o three equal parte in the ^ 
points G and H, 

BeoMm. — DFandEObeing \i^ 
equal and parallel straight 
lines, D E and C F are also 
(Theor. 1 0} equal and parallel, ; . 
and therefore (Theor. 15} A O ,J*,^ 
istoOHas AEtoEC; and 
as A E is equal to E 0. A O 
is also equal to G H. In like 
and, therefore A O, OH, and H 
and A B ia trisected in the points G and H. 




(1.) Draw a line 2i inches long, and trisect by Method I. 
(2.) Draw a line 2} inohs long, and trisect it by Method II. 
(3.) Dnwalinel'T inches long, and faiaect it to'lfothodlll. 
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112. PSOBLEU 37. — To liivide a ^raight line into attj/ nwnhtr 
of eqwd porta. 

Method I.— Let A B, Fig. 88, be the given line ; draw s 
straight line A C, making any angle with AB ; take any dis- 
tance, and set it off along A 0, hotaA to C, as many times as the 
nuuber of parts into which A B is to be divided ; through the 
divisions thoa marked 
I AG draw parallels 
Id B C , int«raectiitg A B ; 
then A B will be divided 
into the number of 



Tided similarly to A C 
(Thoor. 17). 

"^'*- Method n.— Draw 

A C, Fig. 86, making any angle with A B as before ; set off on 
A C. from A to C, any distaitce as many times lees one as the 
number of parta into 
which A B is to be 
divided ; ttom A draw 
A D parallel and eqnal 
toBC; draw from D 
to the first division E 
n A C, a strs^ht line, 
cutting A B in F; 
through the other di- 
visions on A C draw 
parallels to I) E, t^ cat 
thelineAB; then AB 
shall be divided ae re- 
quired. 

Bfiimi.~J.et C G be the last of the parallels to D F E ; then 
(Theor. IT) A G is divided into the same number of equal parts 
as AC. Again, the triangle .IDF being equiangular to the 
triangle B G C, and the side A D equal to the side B C. B G is 
also equal to A F, one of the equal parte into which A O has 
been divided. 



rig. s«. 



(1.) Take a line 3'3 inches long, and divide it into seven 
equal parts by Method I. 

(2.) Take a line 2-74 inches long, and divide it into five equal 
parts by Method ZI. 
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GoNST&ucnoir op Scales. 

113. To represent within a limitad compass plans or drawings 
of objects of a considerable extent, and to be able to estimate 
the real dimensions of the objects represented from the draw- 
ings representing them, it is necessary to take for the repre- 
sentation of each unit of linear measurement, a length bearing 
the same proportion to the unit represented, as the linear 
dimensions of the surfaces, on which the drawings are to be 
constructed, bear to those of the objects. Thus if it be desired 
to construct within a width of 10 inches, a map of a tract oi 
country whose greatest width is 46 miles, each mile of actual 
distance must be represented on the paper by a length of f of 
an incb, and consequently each fiirlong by <sV of an in b. 
If then a line two inches long be divided into nine equal parts, 

I'IMI.I I I I I I I I I 

and one of these parts be subdivided into eight equal parts, and 
the primary divisions be taken to represent zniles, and the 
subdivisions, furlongs, a scale will be formed, by means of 
which the representative distances between the points to be laid 
down on the map can be set off, and the map constructed ; and 
again, by means of this scale, the actual distance between any 
two points represented in the map can be determined. 

114. Such a scale as we have just described, in which two 
inches represent nine miles, is called a scale of 1 inch to 
4^^ miles, or of f of an inch to a mile. 

Also since 4^ miles contain 285,120 inches, and this distance 
is represented on the scale by 1 inch, it is called a scale of 
8 1 Ao » ft^^ s^-^rru is called the repreBenkttiveJrctction, 

115. Since the paper on which the drawings are constructed 
expands in moist weather, and contracts in dry, the scale upon 
which they are constructed should be laid down on the paper 
itself, so as to expand and contract with it. By this means 
whatever changes may take place in the hygrometric state of the 
atmosphere during the operation of constructing the drawinge, all 
their points will be laid down in their proper relative positions, 
at their proper representative distances from each other, and 
the scale will at all times determine with accuracy the real 
distances between the points so laid down. 

116. The ordinary or nmply divided eeales are most usually 
subdivided deaimaUy^ that is, a certain length being divided 

D 2 
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into a number of equal parts, or primary divisions, the primary 
division at one extremity of the scale is subdivided into ten 
equal parts ; so that each subdivision represents one-tenth of 
the distance represented by a primary division, or a primary 
division represents ten times the lengUi represented by a sub- 
division. 

117. On such decimally subdivided scales, the dimensions 
are taken off to two places of figures, which may be tens and 
units, or hundred and tens, or units and tenths, or any other 
two orders of figures, of which a figure in the one is ten times 
the value of the same figure in the other. 

118. Simply divided scales are, however, frequently so sub- 
divided as to designate two orders of imits of measurement, 
miles and furlongs, feet and inches, &c. In this case the 
primary divisions represent the higher order of units, and at 
one extremity of the scale a primary division is subdivided into 
the same number of equal parts as the number of imits of the 
lower order contained in one unit of the higher. 

119. In constructing scales it must be borne in mind that by 
taking a short measurement and repeating it, the error in the 
measurement is multiplied in the whole length set off by as 
many times as the measurement is repeated ; while by taking 
a long measurement and dividing it, the error in the measure- 
ment is divided among the equal parts thus formed. Such 
a length, therefore, as will sufiice for the whole or the greater 
part of the scale should be taken, and divided first for the 
primary divisions ; and the division at one extremity, usually 
at that on the left hand, should be subdivided as already 
explained. 

120. In figuring the scales, the zero is not at the extremity 
of the scale, but at the end of the first or subdivided primary 
division, and the figures run from this point in one direction 
for the primary divisions, and in the other for the dub- 
divisions. 

Examples of Simply Divided Scales. 

121. The following examples will illustrate the mode of 
proceeding. 

(1.) To construct a scale to meamre single yards, in which 
109 yards shall he represented by 6 inches. 

Since the subdivisions are to represent single yards, the 
primary divisions must represent ten yards each, axid the total 



lengtli of tbe soala aome multiple of ten yarda. Let U b« 
detennined that it ahail be flgtirad to M yards, then it must 
contain altogether a enfiBdent length for aix primary divinona. 
one of them being required for the nib- 
divimons. Henoe we bare the folloving 
proportion to find the entire length i^ 
the scale, 

109 : 60 : : 6 : 3-3 inches. 
Take, tbeiefbre, a tengtli of 3*3 iaohee 
(Fig. 87),* and divide it (Frob. 31) into 
eix eqnal parte; each of these will re- 
present 10 yards; mibdiride the first 
diriaion on the left hand into ten eqnal 
parts; each of these will represent one 
yard. Now rule a second line parallel 
to the first at about the fifteenth of an 
inch from it ; mark tbe subdivinonB, de- 
noting single yards, by short strokes in- 
cluded between the parallel lines, with the _ 
exception of the fifth stroke, which ia to ^ 
be distinguished by being pioduoed a 5 
short distance above Ute top line ; while 
tbe primary diTimons, each denoting ten 
yaids, are to be marked by strokes project- 
ing still further above the top line. Lastly, 
figure the primary divisions 10, 20, 30, 40, 
50, from left to right, marking the stroke at 
the end of the first primary division 0, for 
the ZBTo or commenoement, both of the pri- 
mary divisions and the subdivieione ; and 
figure the subdivisions 10 from this zero 
point to the left-band extremity of thesoole. 
To take off from the scale the length 
that will repwsent a certain number of 
yards lew than 60, put one point of the 

compasses or dividers on the subdivision denoting tbe units in 
the number, and extend tbe other point of the compasses to the 
primary division denoting the tens ; thus, to take off the 
representative length of 43 yards, extend the compasses from 
the third stroke on the left of the zero, to the fourth stroke on 
the right ; for 27 yards, extend from the seventh stroke on the 
left of the zero to the second stroke on the rig^t, and so on. 
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Sinoe 6 inches represent 109 jvrds, 1 inoh rep nmx aiB 
18) yardB, or 18) X 36 = 6M isoheB; and the repreaentatiTe 
fraction, which gives the tatio of the lengths on the soole to 
the lengths represented by them, is TtT- 
[2.) To amtimct a tcah of ttIiiis to represent mtfaa. 
In this case the representatiTe 
length of 80 miles is given by 
the proportion' — 

S70240 : 1 : : 30 miles : 3) in. 
Taike, therefore, a length of 3) 
inches (Fig. 88) ; divide it into 
three primary diviHionB, each tore- 
preaent 10 miles 1 e,nd enbdiTidethe 
left-hand division into ten eqnal 
parte to represent single miles. 

The scale is finished in a similar 

manner to the last, and fignred 

&om to 20 on the right-hsnd of 

the Eero point, and from to 10 jg 

. on the left of the zero. ^ 

1 (3.) To amttnid a tcale of half ? 

E an inch to afoot to lUnote/t^ and 

On this scale 3 inches will re- 
present 6 fbet ; take, therefore, 3 
inches (Eig. 69), divide it into 6 
equal parte to represent iiset, and 
subdivide one of them into 1 2 equal 
parte to represent inches. 

To take off the representative 

length of a nnmber of feet and 

inches from this scale, extend the 

compasses from the subdivision 

denoting the nnmber of inchee, 

to the primary divifflon denoting 

the number of feet : thus to take 

off 4 feet 7 inches, extend the p<ante of the compasses from the 

seventh subdivision on the left of the lero, to the fourth primary 

divinon on the right of the lero. 

(4.) Totimttruet a koUo/-^, to tepft t erd mrfrw and decim^et, 
the metre bring S6'37 mcAm, and the limilt of the paper not 
aUoioing the entire length of the eeale to exceed 3i iiiehet. 
The above limita will oonfine Ote entire length of th« scale 
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to the representative length of 4 metres ; and, SO metres being 

represented bj 1 metie, or 3937 inches, we have the following 

proportion t« determine the representative length of 

30 : 4 : : 39-37 : 3-15 
Take, therefore, a length of 3-ld inches (Fig. 90) and 
divide it into four equal porta to represent metres : 
subdivide the extreme division on the left into 10 
equal parts to lepresent decimetres; figure Ihe pri- 
marf divisions &om to 3 on the right of the zero, 
and the subdivision from to 1 on the len. 



BuooNAL Scales. 

122. In the Bimply divided scules, as bos been 

seen, two places of figures, or two orders of units. 

are represented ; but if it be desired to proceed 

further, and represent three places of figures, ot 

* three orders of units, a second subdivisi 

g necessary. This may be accomplished 

by the diagonal method of division, 

which we proceed to explain. 

Lat a b. Fig. 91, represent a dis- 
tance to be divided : oji ab describe a 
rectangle' abed, the aides a d and b r, 
consisting of as many equal parts of I 
any convenient length as the number f 
of parts into which o 6 is to be divided : 
through the extremities of each < 
theseparta draw parallels to hA ; an 
intersect them by the diagonal ai 
then will this diagonal recede from 
a d, at each successive intersection, by 
one of Hie desired parts until at c it ilf.gi. 
has receded through the entire dis- 
tance cdarab. Thus if a d be divided into eight equal parts, 
c/will be one-eighth of o 6 ; j A, two-eighths ; k I, three -eighths, 

ExAMFLES Of DiAQONAii Scales. 
123. The application of this method of division to the cou- 
stavction of scales will be best understood by example. 
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Ltt it he rtqiired to eoKstmet a leaU to that S^ inchet shall 
reprtimt 1,000 f«»t, and let it be divided and tubdivided utUil 
tingle /eet are repreeented on it. 

To make the entire length of the scale the reprasentatiTe of 
600 Feet, we have the following propoitton — 

1,000 : 800 : : 6t : 3-15 
Tike, therefore, » line AB, Fig. 92, 3'lSinohen long, ajiddivido 
it into eix equal pajts ; these 
primary dirieiona will represent 
100 feet each; suMivide the left- 
hand division into ten equal 
pait« : each of these subdivisions 
will represent 10 feet. So far the 
process has been the same as for 
thesimply divided scales. Nowlor 
the further divisions to represent 
single feet. Rale ten liues paral- 
lel to the line already divided ; 
through each of the primary divi- 
sions draw perpendiculars, inter- 
secting all the parallel lines at 
£ right angles ; through the ninlh 
A subdivision c, draw a diagonal, 
I o, to meet A a. the extreme 
perpendicular on the left-hand, 
atitspointof intereectionn, with 
the tenth parallel a b  through 
the other subdivisions, and the 
zero on tiie divided line, draw 
diagonals parallel U> ca; then 
will each of the diagonals sepa- 
rate further and further from the 
perpendicular through the zero 
point by one-tenth of a subdi- 
vision as tlkey reach each succes- 
sive parallel, going upwards, 
from the divided line A B. Now 
the distanoe represenied by a subdivision is 10 feet ; conse- 
quently the diagonals recede fitnn the perpendicular at each 
successive parallel by the distance representing one foot. 
Hence the problem is solved. 

124. To take off the length ropreaentiiig a distance of any 
number of feet from thia scale. 
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(1.) When Uie diatanoe oontaiiu 611I7 himdreda and tent, 
but no imita, the reqniied lei^th u to be taken off on th« 
divided line A B, aa in the nmply diTided ocalea before described, 
by extending from the BabdiviBioa denoting the tone to the 
primaiy diviaon denoting the hundreda, 

(2.) When the diatance contains unite, the required length ie 
ta be taken off on the parallel denoted by the onita, by ex- 
tending from the diagonal passing 
throogh the BubdiYisioiL denoting 
the tens to the petpendionlar pass- 
ing through the primary division 
denoting tiie hundreds. 

Thus, to take off the length to re- 
presentSfiOfeet, extend from thefifth 
sabdiviaion on the divided line A B 
to the third primary division on the 
same line ; and to take off 307 feet, 
extend on the seventh parallel frt>m 
the diagonal passing through the 
fifth snbdivision to the perpendicu' y 
 ^, "P 



123. A distance of 50 vdla U to 
be TtpntenUd by 3 inchet : tmutruct 
a icale with dtagimal divitifme to thrw 
furkmgt. 

Take a length of 3 inches (Fig.93), 
divide it into five equal parte, eodi 
to represent 10 miles ; subdivide the - 
left-hand port into ten equal parte, 
each to represent one mile ; rule 
eight parallels to the line thus di- 
vided; draw perpendiculars through 
the primary divisions, and diagonal 
through the subdivision in the man- 
ner explained above ; then the scale 
vill be constructed as desired. 

To take off the length to represent a given distance from 
this scale, extend on the parallel denoting the Ajrlongs, from 
the diagonal passing through the subdivision denoting the 
units of the miles, to the perpendicular passing through the 
primary division denotmg the tone ; thus to take off the length 
to represeut 2' miles 3 furlongs, extend on the third parallel 
D 3 
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from tlie dia|*onal passbig through the wyenth subdiTision 
to the perpendioolar passing through the second primary 
dirision* 

OOMPABATIYE SOALES. 

126. The standard of linear measure being arbitrary, and di^ 
ferent countries mitTring use of different standards, it becomes 
necessary, in order to render the dimensions of the maps prepared 
for one nation intelligible to another, to construct for these maps 
new scales, adapted to the standards of measurement made use 
of by the latter nation. Thus to make a map prepared for the 
use of the French or the Prussians, of equal use to the 
Englishman, it must have a scale of English linear measures 
prepared for it ; and, conyersely, to make the dimensions repre- 
sented on an English map obvious to a Frenchman, it must 
have constructed for it a scale of French linear measures. 

127. Scales constructed according to different standards of 
measurement for the same map or plan, are called comparative 
scales. 

128. The representatiye fraction (113), indicating the ratio 
of the representatiye lengths to the distances represented 
by them, is manifestly quite independent of the unit of measure- 
ment ; consequently comparatiye scales haye the same repre- 
sentatiye fraction. Hence, if the representatiye fraction of a 
scale be either giyen or computM, any number of scales com- 
paratiye to it can be oonstnicted by means of this fraction. 
They may also be constructed without the assistance of this 
fraction from the following considerations : — 

(1.) The numbers of units representing a certain distance are 
inyersely as the lengths of the units. Thus the number of 
feet in a certain distance is to the number of yards in the same 
distance as 3 to 1. 

(2.) The lengths representing the same numbers of different 
units are to each other as the lengths of the units themselyes. 
Thus the English yard consisting of 36 inches, and the French 
metre of 39*37 inches, the lengths representing any the same 
number of yards and metres are to one another as 36 to 
39-37. 

(3.) The lengths representmg different numbers of different 
units are to each other in the ratio compounded of the numbers 
of the units and of their lengths. Thus the length representing 
60 yards is to the length representing 50 metres as 60 X 36 
is to 60 X 39-37. 



EXAltPUB or COKPA&ATIVK SCALKB. 

129. T/it map* of the Frmch Ordnance rSurwy an eonurueUd 
on a aaUe of 12'S niiti>nuir«i io tht IfHometn, or tbIvti ! <' " 
required to anutrvct a loale, comparaiivt Io thU, of EnglUh miUi 
and farlongi. 

8U,000 : 1 : : 4 milee : 3-17 inchee. 
Take, therefore, a leogfth of 3'17 incbeB 
(E%. 94), divide it into four equal porta 
whicli Till each represent a single mile ; 
subdivide tlie left-hand part into eight 
equal parts, to repreaent ftirlonga ; than 
tiie desired scale will be formed ; and by 
it the distances between placea repre- 
sented in a French Ordnance iQap can 
be measnred in English miles and ftir- 

130. Tht map* of the Ordwmct Survtj/ 
of Ortat Britain are eonttrtuitd on tcalei 
of W<nr or 25-344 inches to tie mile for 
tkt pariihei, 6 inehtt to tht mih for the S 
countia, and 1 inch to the mile for the whoU « 
country; it i* required to eonitrvrt Kale* 
of French kilometrti and parte of a Jtifo* 
metre comparative to the above Ihrtt acalei, 

(1.) On the scale of Ti'inr. a distance 
of 2,300 metres would be represented by 
a length of one metre ; hence to find the 
length to represent a distance of 600 
metres, wa have iJia following pcopra- 

2,600 : 600 : : 1 : -24 
Take, therefore, from aFreoch plain soale, 
a length of 240 millimetres [Fig. 66], di- 
vide it into six primary divisions, eaiji re- 
preaentinglOO metres; subdivide the left- 
hand division into ten equal ports, each 
representing 10 metres ; and, if deaiied, 
it may be divided still further diagonally 
to represent single metres. 

If unprovided with a French scale of millimetres, the 
equivalent measurement in inches and decimals of an inch 
must be taken from an English nlain soale. Thus, 39-3T inche* 



60 paicnoAL pluo oEoitsTBy. 

being fha equivaleiit toe a matre, 89-3Ti^V = B-46 inchea is 
the equiraloDt for 340 millimetree. 

(3.) An Bngliali mile contaiss 1,760 yards, uid a kiIoiiieh« 



contains 109^'(i jtndti. Hence, to find the length to represent 
a. di*<tano« of I'l kilometreB or 1,100 metres, we have tbe iblloW' 
ing proportion ; — 

1760 : I093'6 X M : : 6 : 4-1 

Tiike, therefore, & lengdiof 41 inches (Pig. 96); divide it into 

elovou equal Darts, each representing 100 metrea, and tub- 
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divide the left-hand division into ten parts, each representiug 
10 metreB. 

(3.) On the one-inch scale, 11 inches represent 11 miles. 
Hence, to find the length to represent 11 kilometres, we haye 
the proportion : — 

1760 : 1093-6 : : 11 : 6-835 

Take, therefore, a length of 6*835 inches (Fig.97) ; divide it into 
' leven equal parts, each representing one kilometre, and sub- 
I ivide the left-hand part into ten equal parts, each representing 
! ( metres. 

131. With respect to the extent to which a scale should be 
ci rried, no definite rule can be given, so much depends on 
the space available for its reception. It is, however, usually 
xuade to consist of either six or eleven of the primary divisions, 
80 as to have either five or ten of them besides that which is 
subdivided. If, however, it be easier to compute or to measure 
the length for five or ten primary parts than for six or eleven, 
the shorter length may be taken and divided into five or ten 
equal parts, and then one of these parts may be added to the 
length, to compensate for the part subdivided. 

132. Exercises on Chafteb in. 

(1.) Divide a line 5^ inches long into seven equal parts. 

(2.) Divide a line 3-3 inches long into four parts that shall 
have their lengths in the proportions of 3, 5, 7, and 11 . 

(3.) Construct a square, A B C D, upon a line, A B, 4 inches 
long ; on the side A D take a point E, about '23 inches from A, 
and a point F, about *15 inches from D ; join B E and F ; on 
the side B 0, produced to G, take the points H, and K, 1 inch and 
2^ inches from B, and the point Q, 1 inch from G; draw straight 
lines through the points H K and Or, so that they and the lines 
B E and F, if produced, would all meet in the same point. 

(4.) A field is surrounded by a hedge, whos^ plan forms an 
irregular hexagon, A B C D E F. The distance from the corner 
A to the comer D is "255 yards, and is to be represented by a 
straight line 4*2 inches long. At G, 40 yards from A, B G F 
intersects A D at right angles, and G B and G F are 45 and 55 
yards respectively. At H, 73 yards from D, H E also inter- 
sects A D at right angles, and H C and H E are 103 yards and 
142 yards respectively. Draw a diagonal scale for the figure so 
that single yards may be measured by it, and ascertain the 
leng^ of the hedge. Ana, 734 yards. 

(5.) Draw a plain scale of English miles and furlongs, oom- 
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paratiye to a scale of 3 inches to a Saxon mile, and give the 
representative fraction. 
A Saxon mile is equiyalent to 9923*32 English yards. 

1 



Ana. 



119079-84. 



CHAPTEE IV. 
on gibgle8 and lines tangential. 

Theorems. 

133. Theor. 19. — A straight line which bisects a chord of a 
circle at right angles passes through the centre. (En. III., 1.) 

134. Theor. 20. — ^A line which touches a circle is at right 
angles to the diameter through the point of contact ; and the 
conyerse. (Eu. III., 16, 18.) 

135. Theor. 21. — ^When two circles touch, the straight line 
which joins their centres passes through the point of contact. 
(Eu. m., 11 and 12.) 

136. Theor. 22. — ^Angles in the same segment of a circle are 
equal to one another. (Eu. HI., 21.) 

137. Theor. 23. — If a straight line touch a circle, and from 
the point of contact a straight line be drawn cutting the circle, 
the angles which this line makes with the line touching the 
circle shall be equal to the angles which are in the alternate 
segments of the circle. (Eu. III., 32.) 

138. Theor. 24. — If from a point without a circle lines be 
drawn cutting the circle, and also a line touching it, the 
rectangles contained by the whole lines which cut the circle 
and the parts of them without the circle shall be equal to each 
other, and also to the square of the line which touches the 
circle. (Eu. m., 36.) 

138*. Theor. 25. — ^If from a point without a circle there be 
drawn two straight lines, one of which cuts the circle, and the 
other meets it ; and if the rectangle contained by the whole line 
which cuts the circle, and the part of it without the circle, be 
equal to the square of the line which meets it, the line which 
meets shall touch the circle. (Eu. III., 37.) 

Problems. 

139. Problem 38. — To draw a diavneter of a given circle ABC. 
Open the compasses to any conyenient distance ; place one 

leg on any point, A, Fig. 98, of the circumference and strike 
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aroB on boUi sidea of it ; with die saine r&diua, from a Moond 
point, 0, in tho drcumferenoe, dirtant abont three-foufths of 
UuB isdiua from tho first, strike bica intorsecting those before 
deecnibed in the pointe D 
and E ; then the straight 
lineDB £ drami through 
D and E will pass through 
the oentre, and B D F 
the part of it inter- 
cepted by the circumfer- 
ence, will be a diameter. 
Reaxm. — By the above 
process B D bisects at 
right angles the chord 
AC, and passes there- 
fore through the centre 
(Theor. 19). 

140. Pkobleu 39.— To 
find the centre o/ a giveH yij. eg. 

MsTHOD L^Draw a diameter by the preceding problem and 
biaeot it. 

Mbthod 1 1 . — Open the compasses to any canvenient extent ; 



He. St. 
place one foot on any point, A, Fig. 99, of the droomference, 
and tcom this point as centre describe an arc, totting the given 
dTcl«inthepointaBandC; from the centre A, with radius equal 
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to about tbree-fburtha of AB or AC, describe a ciroleDOEF; 
with the eame ladiua Btrike arcs from the pointe B and C, aa 
centrea, intOrsactrng the oinite D E F in the points D, £ and 
F, 0- ; then 0, the point of intersection of the straight lines D E 
and F O, will be the centre of the given circle ABC. 

Aea«(»i.~£ach of the liaea D E and E G paeaes (Theor. 19) 
through the centre, which must therefore be at their point of 



Deeciibe drdes, taking care to place the point of the (»mpaaBeB 
on a horn centre, or small piece of cardboard, so that the centres 
from which the circles are doscribed shall not be marked on the 
paper ; then find their centres b; the methods just given. 



From A and B, Fig. 100, strike arcs with any the aame 
radiua intersecting in D and E ; from B and with any the 
eame radius strike arcs 
intersecting in F and G; 
draw atraight liaes 
through D and E, and 
through F aud Qt, inter- 
secting in : than O is 
the centre of the required 
circle; and a circle de- 
scribed from this centre 
with distance between it 
and one of the points will 
pass through the other two. 
JReaion. — The centre of 
BTery circle passing 
through the points A and 
B is on the line D E, and 
the centre of every circle 
passing through B and C 
'•'■"■"■ ie onF a (Theor. 19): 

consequently the point O in which ihese lines intersect ia the 
centre of the circle passing through the three points A, B, and 0. 
Exercises. 
(l.) Constmotthe triangle, whose sides are 32 inches, 41 
inches, and 3 inches. Describe a circle about this triangle, that 
is passing through its angular points. 
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(2.) Describe a rhombue, whose ndee shall be 3 inches long, 
ind iBcIiide angle* of 60° and 1 20°. Describe oiroleB througb 
erery three of its angular poiute. 

142. Pboblem 41. — To draw a itraigU line which »haU touch 
asiiitncircUina givenpointF. (Fig. 101). 

Through P draw P Q at right Rng!e« to the line P O pBeaing 
through P and the centre of the circle ; P Q will be Uie tan- 
gent required (Theor, 20). 



rv. 101. Fig.iM. 

143, Problem 42. — To dram tangentB to a ctrde from a givfti 
point P without it. 

Join P and 0, Fig. 102, the centre of the circle ; with F bh 
di inietcr, dsBcribe a circle cutting the given circle in the points 
A and B, and join P A and P B ; then P A and P B shall be the 
tingenta required. 

Bea»<m. — P being a diameter of the circle A P £ 0, P A 
snd P B O are angles in semicinsles, and are therefore right 
angles (Theor. 14] ; benw P A and P B are tangent! 
(Theor. 20). 

144. Probi^eu 43. — To dravi to a givtn circle tangent* which 
iliall be parallel to a given itraight line. 

Through the centre 0, Fig. 103, of the given circle, drav O A 
pei-pundicular to the given line, cutting the given cirtdii in the 
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poiata P Bud Q,; then P R and Q S drawn through P and Q 
{jai-allol to tha giTeu line, or perpendlcalar to A, will be the 
tangenta required. 
RniMtn . — Obvious. 



143. PsoBLEH 44. — To draw 



Fi(.lH. 

circle langtnU xakich 
thiiU be perpendieular <o a given 
ilraight /tne. 

Through the centre O, Fig. 104, 
of the given circle, draw a parallel 
to the given line, cutting the cdrcla 
in the pointe P and Q ; then F B 
and Q S, drawn through P and Q 
perpendicular to P Q and to the 
given line £ S, will be the tan- 
gents required. 

Beaeon.— Obvious. 



146. Pbubleu 43.— rt> draw to 

a given circle iangenU whick ehall 

make a given angle with a given 

!!»■ If*- ttraighl Une. 

From the centre O, Fig. lOS, of the given circle, draw O A 

perpendicular to the given atraight line ; throagh the centre O, 
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dnw the diameter POO, nutkiDg with O A the angle A P 
equal to the giren Aogie ; throng P and Q draw P B and Q S 
at right anglee to F Q, then P B and Q 3 ahall be the tangenti 
required. 

Seaaoa. — P B or Q S and the given line being respectivel; 
perpendicular to P O and A, will contain the game angle. 

Exehcisb. 

Draw a oiiole of 1 inch radios and a straight tine without it. 

Then draw tangents to the circle making angles of 30° with the 

147. FbOBUSh 45. — To draw tlraighl linet mhich thall touch turn 

giveneireltt; (l)«achonl/ieiame 

tide; (2) cacA on altemaU tides. 
(1.) JoinO, CPig. 106. the 

centres of the given cinsles, 

cutting their circnmferencee in 

the points and D ; on Cf, as 

diameter, desoribe a circle; from 

C set off C E towards the cen- 
tre O, equal to C D ; with cen> 
tre O and radios E describe a 
circle, cutting the circle de- 
scribed on 0" in the points F ; 
through and FdrawOFA 
to meet the ctronmferenoe of 
the given orole AC A in A; 
through C draw O' B parallel 
toOA; joinAB; thenABwill 
touch both circles on the same 

Beaton.— Tb.0 angle F O* 
being the aitgle ina semicircle, 
is (Theor. 19} a right angle; i 
therefore the angle AFO' is I 
also a right angle. Now, A F I 
and B (P being equal and ^g- >"<■ 

parallel, the figure A FO' B is (Iheor. 10) a parallelogram, and 
one of itsangles at F being a right angle, all its angles are right 
angles (32) ; hence the angles at A and B are right angles, and 
therefore (Theor. 20) A B touches both the circles. 

(2.) Join O*, Fig. 107, and on O* as diameter, desoribe a 
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cirola u before ; from C aet off E, away from the centre O, 
^ual to CV D ; with centre O and radius O E describe a circle 
cutting tlia circle de-: 
scribed on 0' in the 
points F ; through and 
F draw OAF, cutting 
the oircumference of tlie 
given circle A C A in the 
point A; through 0' draw 
(yBparaUeltoOA; join 
A B{ then A B will touch 
both circles on alternate 

Reaion. — Similar to 
that given above. 

ExEKCiasa. 
(1.) Draw two circles 
with radii of 2 inches 
and 1 inch, respectively, 
from centres 2i inches 
apart, and connect fhem 
by tangent lines. 

(2.) Draw two circles 

with the same radii as in 

the preceding question, 

Ft*. 101. from cenbes 3J inches 

apart, and connect them by cross tangents. 

148. Probleu 4S.— To draw a circlt of jivea radiiu to toucft 
« given Itraight line in a given point. 

From the given point A, Fig. 108, draw a perpendicular 
A ; make A equal to the given radios ; then the circle de- 
scribed fr«m centre 0, with the given radius OA, will touch 
the given line in the given point. 

iienson. — (Theor. 20.) 

EXBROISB. 

Draw aline AB 1} inohes long, and contioue it in a curve 
by drawing a circular arc with 1 inch radius to touch it at B. 

140. Pboblku i7. —To draw a cird« which ihall pau through 
a given point, and touch a given ttraight lint tn a given point. 
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Bisect *t nght angles the line AB, Fig. 109, joining the 
given pcnnt A, throagh which the circle ie to psea, with the 
given point B on the given line ; «nd let the bisecting line D 



ng. iM. tig- iM' 

intersect in lihe point 0, the perpendicubkr to Hie given line 
drawn from the given point B upon it ; then Uie circle deacribad 
from centre O, with radina OA, will touch the given straight 
line in the given point B. 

Bauon. — The aides AD, DO, ere equal to the aides BD, BO, 
each to each, and the right angle ADO to the right angle 
BDO; therefore OA is equal to OB (Theor. 1), and tiie 
circle passes through B ; then, since the given line is at right 
angles to the Todioa A, at its eztremity it (Thaor. 20] touches 
the circle. 

EzSKCIBB. 

Describe a square with aides of 2 inches, and draw a circle 
to paae throagh one of its angular pointe, tad toooh the middle 
point of a aide. 

ISO. Peoblsu 46. — To dravi a cirdt mith a given radiiu to 
poM through a given point, and touch a givm ttraight lint. 

Draw a straight line DO, Fig. 110, parallel to the given 
atraif^t line, at a distance from it equal to the given radius 
(Prob. 12) ; from the given point A, as centre, vrith the given 
radios, describe on are ontting the line D in the points 
and D; then cirdea deaoribed from oanfzea and D, with the 
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given radius, wiU pass Ihrough tho point A, and touch the given 

I'liePG- ,. . . .L  r 

Affl«o».— If P be drawn perpendicular to the given Uno 

C P is equal to the 
given radius, and so 
is C A ; therefore 
the circle passes 
tbrongh A. and P, 
and touches the 
given line P Q, sinoe 
P Q is a right 
angle. 

ExEBOIGE. 

Describe an equi- 
lateral triangle with Kb. no 
sides liincheelong; 

and draw a circle with a radius of 1 inch to J>as8 through its 
vertex and touch its base. 

151. FR0BL2.K 49.— To draw a eirele with a given radiut to 
touch tvio given alraighl Una. 
At distances irom the given lines equal to the given radius, 



Fig. Ui. 

draw lines parallel to them, intersecting one another in the 
pointO, Fig, 111 ; then is tlie centre of the required oirole. 

StatOB. — Perpendiculars drawn Aom upon dke pven lines 
will be equal to the given radios. 
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EZKBOISE. 

I Draw two lines inclined to oue another at an angle of 30°, 
and oonneot them bj a circle with a lodins of ^ iaoh, touching 
them both. 

152. Pboblem 90. — To draw eirelet to pau tknnigh licv jfiiira 
pointa, and t utrh a tjiven ittvij/hl line. 

IstOASE. — When th»Btrsicht line joining the two given pointa, 
A, B, Fig. 112, is parallel to the giveQ line. Bisect AB at right 
luiglea b; a straight line C Q, luterBactiiig the given line in the 
point G ; bisect A O at right angles by a straight tine inter- 
secting CO in O; theo O is the centre of the required circle. 

Rfa40a.—O (Prob. 40) is the centre of the circle paseing 
through the three given points A, B and G ; and G being at 
right angles to the given line, the line and the circle touch one 
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2nd Case, — When the straight line joining the two points, 
A, B, Fig 113, is not parallel to the given line. Join AB and 
produce it to meet the given line in the point D ; find a mean 
proportional between A D and D B {Prob. 33}, and set it off on 
the given line from D to H ; bisect A B at right angles by the 
straight line O 0, and from H draw HO at right augleetoHH; 
then the points O will be the centres of the required circles. 

Beaton. — Since D H is a mean proportional between AD 
and DB, the square on DH is equal to the rectangle AD. 
D B ; therefore (Theor. 24} the circle which passes throngh 
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the three pointe A, B, H, toucIieB tbe atraight line H H. The 
centre of this circle must be (Theor. 19] on the line O O 
and also [Theor. 20] on the line OH; therefore it miiEct be at 
O, the point of intersection of and H H. 

15a. Pboblbic 51. — T<i dram a'rdei to pau .through a givn 
point and touch Ivm given atraighl lines. 

Draw 0, Fig. 114, biaectiag the angle contained by the two 
given lines HH; througli the 
given point A draw A C B per- 
pendicular h> O 0, and make G B 
equal to A ; Uien the circle 
which paesee through the two 
points A, B, and touches one of 
the given straight lines, will aleo 
touch the other. Hence the cen- 
ti^B are found as in the preced- 
ing problem, 

Iteawn.  — Since tho centres 
must be equally distant from 
both lines, they must be on the 
line O O, bisecting the angle be- 
tween them ; therefore A B is a 
chord at right angles to the dia- 
meter, and (Theor. 19] B is a 
point on the circumference. 



(1.) The two aides A B, AC, 

of a triangle are each 2 inches 

RB.TI4. long, and contaiu an angle of 

40° ; describe the triangle, and from B draw B D perpendicular 

to AC. Draw circles to pass through the pointe A, D, and 

touch the base B C, or this base produced. 

(2.) Construct the same triangle and perpendicular as in 
lact exercise, and draw circles to pase through the point D, and 
tooobABandBO. 

164. Pbobleh 52. — To draw ciretu tiihich ahall havt their 
rentrtt on a given line O 0, pati through a givenpoint A on thii 
line, and toveh aiMiher given line B B. 

Through the given point A, Fig. 116, draw A C at right anglec 
to 0, to meet the line B B in the point C ; set off B equal 
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toCA.and thi-ough the points B, drawBO at rifcht angle* to 
B B ; then the pointaO will be the centres of the required circle^. 

Chrdc.—O C biaocts the angle A C B. 

fleoeon.— The right-angled triangloB O A C and O B C have 
the hypothenuae C common ; therefore 
(Theor. 12) -the sqiiBrea on OB, BC, are 
equal to the squares on A, A C. Henoo, 
CB being equal tflCA, OB is equal to 
A ; and, since the angles at A and B are 
right angles, the circles touch both the 
lines A and B C. 

To draw circles to touch two given 
straight liuea, aud paiie through a given 
point on the line bisecting the angle be- 
tween tham is a case of this problem, since 
the oentres must be on the bisecting line. 
EsBKUiaes. 

(1.) Describe an isosceles right-angled 
triangle with sides of 1-8 inches; and de- 
scribe a circle from a centre on the hypo- 
thenuse, to pass throngh one of its extre- 
mities and touch a side of the tiiangle. 

(2.) IJraw two straight lines inclined to 
one another at an angle of 30" ; bisect this 
angle, and draw a circle, to touch tie two 
lines, and pass through a point on the 
bisecting line, at 3 inches distance f^om the angular point. 

155. Pkoblem 63. — To dacribe circlu /rom a jiWn rmtre to 
to%tcli a given circle. 

Draw a straight line through A, Fig. lit), the given centre, 
and B, the centre of the given circle, to intersect the circum- 
ference of this circle in the points C and D; then the circles 
described from the centre A, with radii A C and A D, will touch 
the given circle. 

iteoMn. — When two circles touch one another, the straight 
line which joins their centres passes throngh the point of eon- 
Uct. (Theor. 21.) 

When the given point is within the given circle, in both oases 
one of the circles touches the other internally ; but when the 
given point is without the given circle, in one oase one circle 
touches the other internally, and in the other case the circlet 
touch one another extemaliy. 



(1.) Describea oirotewitba radiuBof -Tinch; draw a tangent 
to this circle. From a point on the fangeat, 1 inch diBtant from 
the point of contact, describe cirdes to touch the circle first 
described. . 

(2.) Deecribe a circle, and draw its tangent as in the pre- 



ceding exercise ; from the point of contact draw a strai^t line, 
making an angle of 60° with the tangent. From a point on this 
line, i inch distant from the point of contact, describe circles to 

touch the oirole first described. 

156. Probleu o4. — To detcribt circUi wilk a given radial to 
touch a given circle 
in a given point. 

Draws straight 
line through the 
centre A, Fig. 
117, of Qie given 
oizole, and the 
given tN>int, B, 
a its oiToninf^- 
ence; on this line 
set off from the 
point fi, the dis- 
tance B equal 
rif. iiT. to the given ra- 

diuii; then the circles described from the centres C with this 
radius will touch the given circle in the point B. 
Reaton. — The same as in the last problem. 
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Describe a oiTcle with a radius of 1-1 inch ; take a point on 
its circumfeTence, and construct circles witli a radiua of 1 inch, 
to touch the cirolo first described in. that point. 

157. Pbobleu 55. — Tit dtKTibt a cirrle u-Ai'cA tMl pa*» 
throush a given point and touch a given circle in a given point. 

Join the ^ven point A. Fig. US, through which the circle ie 
to pass, wiUi giren point B, on the circumfereiloe of the given 
circle ; join also C, Oie cen- 
tre of the given circle, with 
the given point B on ita 
circwnference ; through A 
draw A 0, to meet C B pro- 
dacod in 0, making the 
angle BAO equal to the 
angle ABO; then O will 
be the centre of the required 

Beaton. — Since the angles 
OABsndOBAareequal, '*"*■ 

thesides OA and QB are equal (Theor.4), and the circle de- 
scribed from centre with radius A will pass through B ; 
and (Theor. 21) will touch the given circle. 

Or bisect A B at right anglea by a straight line cutting C B 
produced in 0. 

Beaton. — ^The circle paming through the pdnts A and B must 
have ita centre on the line bisecting their junction at right angles 
(Theor. 19] ; and to touch the circle whose centre ia C in the 
point B, it must (Theor. 21) be on the line CB produced. 

If the given point A be on the production of C B, the centre 
ia the bisection of A B. 



(1.) Describe an equilateral triangle of 2 innhea ode; on the 
base of this triangle as diameter describe a circle ; then describe 
a second circle to touch the first ft one extremity of the base, 
and paaa throngh the vertex. 

(2.) Deacribe a square with sides of 2 inches ; draw its dia- 
gonals ; with their point of intersectiDn as a centre, and radina 
of i inch, deacribe acircle; then describe circles to paaa throng 
the angular points of the square, and touch the circle first 
deacribed in the points where it imta the diagonals. 
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IAS. PSOBLBM 66, — To dacribe a circle which ilall pat* 
through two given jwt'nt* and foueh a given circle. 

Case I. — When the line whkh bisects at right angles the dis- 
tance between the two points A and B passes through the centre 
~ of the given 
oircle. In this 
case the point D, 
in which the bi- 
secting line cuta 
the drDumferenoa 
of the giTcn cirda, 
will be the point of 
contact, and the 
circle described to 
touch the giTen 
circle in the point 
D, and pass 
through one of the 
given points, will 
also pass through 
"- '"■ the other. Hence 

this case is reduced to tiie preceding problem. 

Case II. — When the bisecting line OO, Fig. 120, does not 

pass through the centre <rf the given oircle. From a centre D, 

on thelineOO, at the 

distance of one of the 

given points, deeoribe 

aoirde ; this circle will 

pass through the other 

I ^ven pointaad cutthe 

given cdrde in two 

I points F and O ; join 

F a ; produce A B and 

QFtomeetatH; from 

! H draw HP to touch 

the given circle in the 

point P ; F shall be the 

point of contact. Jmn 

C F ; produce it to meet 

**■'•*■ DOinO-.thanOisthe 

centre of the i«quii«d circle, and A, B, and P are radii. 

tteawn. — The rectangle AH, HB is equal to the reotangto 
O H, H F. which again is eqoal to the square on H P (Theor. 24) ; 
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heitoe (Theor. 26) the circle throngh the pointe A B P toni^e< 
the sbraight line H F in the point P. HP then ia a oonunon 
tangent to thia cdide, and the given oiiole at the Bame point P. 
therefore the two ciralBB mnat touch one another at this point. 



(1.) Describe a circle witlia radiue of 1 inch; from its centre 
draw two lines inclined at an angle of 37° ; on these lines take 
two pointB, one on each, at H inches and 1% inches distance 
from the centre respectively. Describe a circle t« paas through 
these two points and touch the circle first described. 

(2.) Describe a oirole with a radius of 1'3 inches; draw a 
diameter ; take two points on the diameter on opposite sidei of 
the centre, and distant from the centre 'fi inch and -2 inch re- 
spectivGly, Beacribe a circle to pass through these two points 
and touch the circle first described. 

169. Frobleu ST. — With a given radiui to deicribe circlts 
v/hich shall touch a given line and a jftvm ciTde. 

From C, Fig. 121, the centre of the given circle, draw CU 
jratpendicular to the given line, cutting the circumference of 



the giTen circle in the point A ; set off from the points A and B, 
iD and BE, each equal to ihe given radiuspy; with centre C 
and radius C D, describe a circle, and through B draw a parallel 
to the given line, cutting this circle in the points O; lien the 
points are the centres ot the required oii'cles. 



Iteaion, — The centrra must bo at the dutanoe B E &oia the 
gjven line, and therefore on the line E ; agaiiii titey mtut 
be at thedistauoe AD from the oircumftoence ot the gjven 
circle, and theiefoie on the arc O I) 0. 



(I.) Descri1>e an equilateral triangle ABC, with sides of 
2^ inches ; from A as centre, describe a circle whose circuni' 
ferenoe shall bisect the rides AB, AC; and with a radios ni 
1 inch describe circles to touch the side BC, and the circle 
first described. 

(2.) Deacribe a circle vith diameter of 1'8 inches; draw a 
line passing acroea it at a distance of '6 inch from the centre ; 
and witli radius of i inch, describe circles to touch the cutting 
line 'and the circle first described. 

160. Fboblem 58. — To de»cribe nWe( to toud, a rjivtn line in 
a given point, and a given eircte, 
Meibod I. — Through the centie C, Fig. 122, of the given 



Hg.ias. 

circle, draw a perpeBdicalar to the giren line, meeting it in Uie 
point F, and cutting the circiimference in the points D ; join 
the given point A with either point D, and produce A D, if 
neoesBar]', to meet the circumference in B ; then tbe points B 
will be the points of contact with the given circle. Draw A O 
at right angles to the given line A F ; join B C and produce it, 
if necessary, U> meet A O in O ; then the points will be the 
centres of tiie required circles. 

Staaon. — ^The angles C B D and C D B ere equal to one 
another fTheor. 4) ; the angle C B D is either equal to or iden- 
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ticalwitlkO DA, and the angle ODB la equal to OAB, since 
CPis paraUel to AO; therefore the angles OAB, OBA, 8i« 
equal to one another, and A is eqttal to B, 

Ubthod II. — Through the given point A, Fig. 123, draw 
A B at right angles 
to the given line ; 
mote AB equal to 
the radius CD of 
the given circle ; 
then the centres of 
the required circles 
must Ue on the line 
AB, sndbe equally 
distant tram B and 
0. Make, there- 
fore, the angle 
B C equal to the 
angle CBO; or 
bisect B C at right 
angles, and Uie in- 
tersectious O of the 
bisecting line with 
AB wUl be the 
centres required. ^' '^ 

Reanma. — Since B is equal to C, andABtoCD;OAi» 
equal to O D. 



(1.) Describe aa isosceles triangle, having a base BC 
1^ inches long, and sides A B, AC. each 2 inches long; on BC, 
ss diameter, describe a circle. Describe circles to touch the 
side A B at it« middle point,, and the circle first described. 

(2.) Di'sw a circle with any radius not less than 1 inch; 
bisect a radius of this circle, and through the bisecting point 
draw a chord inclined to the rudius at angle of 30°. Describe 
circles to touch the circle first drawn, and tbis chord at the point 
of intersection with the radius. 

161. Problem 59. — To describe cirdis to touch a given circle in 
a givm point, and a given Kite. 

Method I. — Through the centre C, Fig. 124, of the given 
circle, di'aw a pei:pendicular to the given line, meeting it in the 
point P, and cutting the cireumferenoe in the points D ; join 
the given point A with either loint D, and produce AD, if 



aecmtary, to meet the giTon lins in B ; then B will be the 
point of contact with the pvea line. Join A and produce it 
both ways ; from B draw B at rigfat angles to B B to meet 



Fifrlfi 

A G in ; then the points will bo the centres of the required 
circles. 

Smton — Bxftotly like that giren for Method I. of tb' 
preceding problem. 

JlETHOD It. — ^From tbo centre C, Fig. 12S, ilraw the straight 
line C A to pass through the given point A ; draw A D at right 



angles to C A, to meet the giron line in the point D ; bisect the 
angles that A D makes with the given line B B by the straight 
lines D O intersecting A C in the points ; then O will be the 
centre of the required circle. 

Jituton. — The straight line A D touches thegiven circle at the 
point A (Theor. 20) ; the centre of a circle, to tmioh the line* 
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A D and D B. tiw fomtar at the point A, anut b« on th* biiect- 
ing line D O, and alao on the line A 0. 



(I.) Couetrootaaquue ABOD; from oenti« A, with ndiua 
eqoal to half the side of Qu square, deKiibe a eirole. DeMrib« 
a seoond drole to touch thia cme in the point where it outa th« 
diagonal of the square, and to toooh alao the aide* B 0, C D, of 
the squara. 

(2.) Draw a semiciiole ; divide ita arc into three equal 
parts. Draw cirolea, each one to touch the aro at a point of 
section, and the diameter. 

162. Fboblsu 60. — To deteribe a cirtie which thaU pat* 
through a given point and touch a given line and a given drtU. 
Throngb C, Fig. 126, the centre ef the giren circle, draw a 



perpendicular to the given line, meeting it in the point F, and cut- 
ting the ciroam&rence in the pointe D and D*; join the given point 
A with the point F, and with one extremity D of the diameter 
DD', and through the other extremity of this diameter, draw 
D'E, making the angle D D'E equal to the angle D A F, and 
meeting AD, or A D produced, in £ ; then the circle deeoribed 
through the two pointe AE, aad touching the given line S P, 
is the required circle. 

Seaton. — Let H be the centre of this oiicle, and B its point of 

contact with the line B F ; join B D, meeting tha oirole again 

in the point O, and join HB, HO, OO, and QV; then the 

angle I) G D', being in a aemioiiole, ia a right angle ; therefore, 

b8 
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the trianglea DQIf and D F B am equiangular, and have their 
sides about equal angles proportionals ; therefore, B D is to D F 
as D D* to D G- ; but, by the construction, the triangles D E D" 
and D r A are equiangular, and hara their sides about equal 
angles proportioimlB ; therefore, DFistoAD as DE toDIf; 
therefore, BDiatoADaeDEtoDG, and conseqaetitly the 
I'eotangleBD, DO, is equal to the rectangle AD, DB. Hence 
(Theor. 24.) the circle BAE passes through the point O. HB 
and HQ being, therefore, radii of the circle, the angles H BG- and 
HOB, are equal to one another ; but the angles C D G, O D, are 
also equal to one another, and, since D F is pamllel to H B, the 
angle G D G- is equal to the angle H B G ; therefore, also the 
angle CGD is equal to the angle HGB. Hence the angles 
H G D, D G 0, are equal to the angles B G H, H G D, and these 
are equal to two right angles, since B G D is a straight 
line; therefore, HGO is also a straight line {IS], and, conse- 
quently, the circle B A E G touches the given circle G D D' in 
the point G. 

EXEBCISBS. 

(1.) Upon a diameter of a circle which measures 1^ indies, 

describe a square ; upon the side of the square, opposite the 

diamet«r, describe an equilat^ial triangle exterior to the square. 



Describe circles to pass through an angular point c< 

the square and triangle, touch the oppusiLe side of the triangle 

and the given circle. 

(2.) An equilateral triangle having been inscribed in a oirole of 
4 inches diameter, describe circles to pass threugh the middle point 
of one of the sides and touch another aide and the given oircle. 
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163. Problem 61. — To describe circles with a given radius to 
touch two given circles. 

Join the centres A B, Fig. 127, of the two giyen (nrdes by a 
straight line catting the given circles in the points G (f and D If; 
set off from C and D, G E and D F, each equal to the given 
radius ; from centres A and £ describe, with radii A E, B F, 
arcs intersecting in the points O ; then the points will be the 
centres of the required circles. 

Reason. — All circles described with the given radius having 
their centres on arcs described with radius A E will touch the 
given circle whose centre is A ; and all circles described with 
the given radius, having their centres on the arcs described 
with radius B F, will touch the given circle whose centre is B ; 
hence the circles described with the given i-adius from the 
several intersections O, will touch both circles. 

164. If the given radius be less than half the distance G D 
there will be no intersection, and no circle can be described 
with the radijis stated to touch both circles. 

If the given radius be greater than half the distance G D, and 
less than the halves both of G B' and G' D, there will be two 
intersections, and consequently two touching circles to both of 
which the given circles will be external. 

If the given radius exceed the half of one of the distances 
G ly and Of D, and fall short of the half of the other, there will 
be four tangent circles ,* two to which the given circles will be 
both external as before, and two to which one of the given 
circles will be external, while the other will be enveloped by them. 

If the given radius exceed the halves of both the distances 
G D' and a D, but fall short of half .the distance QfJf, there 
will be six tangent circles ; two to which both given circles will 
be external, and four, to each of which one given circle is 
external, while the other is enveloped by it. 

Lastly, if the given radius exceed the half of G' D', there 
will be eight tangent circles, six of the same nature as in the 
last case, and two enveloping both given circles. 

In all these cases of the problem, the two given circles have 
been supposed to be entirely external to one another. When 
they intersect. Fig, 128, and when one falls entirely within the 
other, oth<dr varieties of the problem will present themselves. 

Exercises. 

(1.) Draw three circles with radii of 1 inch to touch each 
other mutually. 



H4 vfueitciL runM evoiuTBy. 

(2.) BsBcribe two cuoIm with the ndii of ^ inch and } inch 
tespectivelf , their centres being 1 1 inches apart. Connect them 
in erery possible wkj by arcs desciibed with a radius of 3 
inches. 

(:t.) Describe two circles with radii of 2 inches, the distance 



Ff((. m. 

between the centres being I inch. Connect them by arcs 
described with a radius of 1 inch. In how many wayi can this 
be done ? 

(4.) Describe circles with radii of 2 inches and 1 inch re- 
spectively, their centres being i inch apart. Connect them by 
area of circles with radius of i inch. 

16a. Pbobleh 62. — Tn demribe cinieii to touch ontgitKndrde 
in a given point, and aTtothtr given circle. 

Through C, Fig. 129, the centre of the first given circle, and 
the given point, A, on its circumference, draw a straight line: 
set off on this straight line &oni the point A a distance A D 
equal to the radius of the second given circle; join B, the centre 
of this circle, with the points D, and draw B 0, making Qm 
wigle D B O equal to the angle BDC; then the pointa O, in 
which the lines B O intersect the line A C, are the centres of 
the required circles. 

Jhaton. — By the oonstructiou D is made equal to B, and 
D A to B E ; therefore, A is also equal U>OE. 
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ExBRGiaxs. 

(1.) Dewnibe tws oirolea with ndii of ^ inch, their »nti«a 
being 11 inches apart; from the oantro of one draw a rsdiu* 
inclined at 30° to the line joining ths oentre*. Deeoribe eirclea 
to pwa through the extremity of this rodiiu, and touch both 
the cirolee first described. 

(2.) The distanoe between the centres of tiro cirolee is t of ui 



inch ; their radii are i inch and 1 inch respectively ; bisect 
the line joining the centres at right angles, by a straight line 
which will out both the circles. Describe circles to pass one of 
the points in which the bisecting line cuts the smaller circle, 
and touch both the circles. 

(3.) Describe circles to pass through one of the points in 
which the bisecting line of the preceding problem cute the 
larger circle, and touch both circles. 

(4.) The centres of two circles are f inch apart, and their 
radii are i inch and B inch respectirelj'. Take (1] a point on 
the smaller circle, and describe circles to pass through it and 
teach both the given circles. Take (3] a point on the laigor 
eirole, and do the samA 

166. Pbobleh 63. — To daeribe eirdtt toptut through a gtvMt 
paint, and toveh ftn> giv«n iqaal etrtit*. 

Draw the line 0, Fig. 130, to bisect at right angles the line 
joining the centres of the two given oirQle* ; frctm the given 
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point A draw A C B perpendicnlaf to 0, and make C B equal 
to C A ; draw ciicles to pass through the kiro points A and B, 
and touch either of the given circies [Prob. 56) ; these will be 
the circles teqnired. 

Jteaion, — Every point in the line O is equidistant from ibf 
centres of the two cii'cleB, and thererore also equidistant irom 



their circumferences, since their radii are equal. Hence eveiy 
circle having its centre on C, and touching one of the cinsles, 
will also touch the other : but eveiy oircle passing through 
the two points A and B must have its centre on O 0. Hence 
the circles passing through A B, and touching one circle, will 
also touch the other. 

Exercises. 

(1.) The base of a triangle is S inches long, and the sides are 
1 inch and 1^^ inches long respectively ; circles are described 
with radii of j inch about the extremities of the base as centres. 
Describe circles to pass through the vertei and touoh both the 
given circles. 

(2.) The base of a triangle is i inch long, and the angles at 
the base are 30° and 45° ; with radii of 1 inch circles are 
described about the eitremifiBfl of the base as centres. Describe 
circles to pass through the vertex, and touch both the given circles. 

167. Fbosleu 64. — To dacHbe tircUt to touch thrtt given 
straight linet, which are not parallel. 

Biseot the angles contained by the linee; then the intersec- 
tions of the bisecting lines will be the centres of the required 
circles. (Pig. 131.) 

Reaeon.- — Every point on a line bisecting the angle between 
two of the given lines ia equidistant from these Unea ; every 
point on a line bisecting the angle betwaen one of tlieee lines aid 
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the thitd lime u eqnidisbuit from these two Uaea; hence the 
intersection of the two bUectiDg lines is eqnidietMit from all 
thiee of the given lines. 

ExXBOISES. 



(2.) Three lines intersect, the distances between tlieir points 
of intersection being 2 inches, 2 inches, end 1 i inches ; 
desoribe circles to touch them all three. 



!68. Problem 65. — To deicribt drcleetti touch three equal eirdei. 

Draw lines bisecting; at right angles the lines joining; the 

centres of the given circles : then the point O, Fig. 132, in 
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which the biseoting lines intanect, will be the centre of the 
required circles. There will be two such cirdes, the given circles 
being all exterior to one of them, and being all enveloped by 
the other. 

Reason. — ^Every point in the line bisecting the distance 
between the centres of two equal circles is equidistant from the 
circumferences of these circles ; hence the intersection of the 
bisecting lines is equidistant from the circumferences of all 
three of the circles. 

EZEEOISES. 

(1.) Circles, each of \ inch diameter, are described from the 
middle points of the sides of a triangle as centres, the sides of 
the triangle being 2 inches, 1*75 inches, and 1*5 inches. Describe 
circles touching all three of the given circles. 

(2.) Circles, each 1 inch in diameter, are described about the 
angular points of an equilateral triangle with sides 2 indies 
long. Describe circles touching all three of the given circles. 

169. Problem 66. — To de&cribe cirdea to touch each of two 
given lines and a given circle. 

Draw parallels E E, E" F, Fig. 133, to the given lines A B, 
A' B'^ at distances from them equal to the ra£us of the given 
circle; find (Prob. 51) centres O of circles to pass through the 
centre C of the given circle, and touch both the lines E F and 
E' F', in the points F and F' ; then the points wiU also be the 
centres of the required circles. 

Reason, — O F is perpendicular to both the lines E F and A B ; 
OF is equal to OC, and BF to CP; therefore O B is equal 
to O P, and so is B' ; and circles described from centres O 
with radius OP or OB will touch the circle and both the lines 
AB, A'F. 

170. There will be four circles answering the required con- 
ditions. When the given circle either falls between the given 
lines, or cuts them both, the given circle and the required circle 
will touch each other externally in two of the solutions, and in 
the other two solutions one of the circles will touch the other 
internally. When the given circle cuts one and only one of the 
given lines, it will be touched externally in all four solutions. 

Exercises. 

(1.) A right angled isosceles triangle has a base three inches 
long, and a circle is described with a radius of } inch from a 



oentre on Uie bsoaat 1 inoh diaUnoefroia oneof ita ezlnmitieB. 
Deaoribe circles to tooch the givea cirole, uul tits nd«a of the 
tiiangie, or the eidea prodnoed. 



^2.) Two linea are inclined to one another at an angle of 30^ , 
from a oentre at 3 inches diatauoe ftom the anguhu' point, end 
*7 inch from one of the aidee, a circle is drawn with a radius of 
I'Sinoheii. Describe ciroleato touch thiacirelH and hoth the lines. 
(3.) Two lines are inclined at 60°; &om a centre on one of 
them, at a distaooe of 1 inch ftoio the aagnlar point, a cdrcle is 
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desoribed with i inch radius. Dascribe oirclas to tonch this 
Carole and both the lines. 

171. A. great variety of ourvilinear foima may be produoed 
by aroe of diSuiont oiroles tangontially connected as in the 
accompanying diagram, Fig. 134. They may be coustmcted so 

as to natiBfy vafione con- 
ditions, or to approxi- 
mate to the form of any 
curvilinear figure what- 
ever, and the closeness 
of the approximation 
maybe increased to any 
ezbtnt by increasing the 
number of centres and 
diminishing the extents 
of the several arcs. 

172. Problem 67. — To deta-ibe an oval of given '.eiigth and 
breadth 6y am of drdu, liaving mdii of only two different 

Let C, Fig. 135, be the centre of the oval, A A its length, 
and B C B its breadth. The problem may he solved in a variety 



of ways, by drawing circles to pass through A at light angles 
to C A, and other circlee tangential to them, to pass through B 
at right angles to B. Hence, to make the problem determi- 
nate, some other eoudition may be assumed. Let this condition 
be that the lines D E, joining the centres U and E of the carclea 
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with di£ferent radii, shall be at right angles to the lines AB. 
Join the extremities of the larger and shorter diameters of the 
oval ; on C A set off G G equal to G B ; on B A set off B H equal 
to A G, the difference between G A and G B ; bisect A H at right 
angles by the line E F, cutting G A and G B in the points D 
and E ; then D and E will be centres of the required circles. 

Reason, — ^This will be most clearly given in an algebraical 
form. Let G A be represented by a, G B by 5, and A B by c ; 
then, since A G B is a right angle, 

The triangles ADP, GED, BEP, andAGB, are all equi- 
angular, and have their sides about the equal angles propor- 
tionals; therefore — 

AD=- AF, 
a 

DE = 5 GD = 4 (a-kiy) 

BE=- BF. 
& 

Now, BF-fAF=AB=c, 

and B F— A F =a— 6 hyp. ; 

therefore A F = £±^r5, 

2 

andBF='±^=^. 
2 

Hence, BE=Ji . '±^^\ 

h 2 ' 



I> 



ac c — b c c-|-fe — a 

"" J "f ' a ' 2 

h \ a *2 / 

b \ 2 a I 

= - la— --L- y smce c^— i»«=a^ 

_ c c-|-a — 5 

~ 6 ~2 
«BE. 
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If then ED be produced to F, making DP =-B A, EP= 
DA+DEs=EB, and the circles described £rom centre D with 
radins D A, and from centre E with radius E B, will meet at 
P, and touch another there, since their centres are on the line 
EP. 

EXSBGISE. 

Describe by circular arcs an oyal whose length shall be 
3 inches and breadth 2^ inches. 



CHAPTER V. 

ON AB08 AND SEaiCENTS OF dnOLES. 

Theobbms, 

173. Theor. 26. — ^IJpon the same straight line and upon the 
same side of it, there cannot be two similar segments of circles 
not coinciding with one another. (Eu. HI. 23.) 

174. Theor. 27. — ^In equal circles, equal angles* whether 
they be at the centres or circumferences, stand upon equal arcs, 
and vice versd, (Eu. III. 26, 27.) 

175. Theor. 28. — ^In equal circles, equal arcs and equal 
straight lines mutually subtend each otiier. (Eu. III. 28, 29.) 

Problems. 

176. Problem 68. — A segment or arc of a circle being given, to 
complete the circle of which it is an arc or segment. 

This is the same problem as Problem 39 for finding the centre 
of a given circle. 

If, however, the circle be so large that the two lines deter- 
mined to pass through the centre cannot be produced to meet 
within the limits of the paper, the distance at which these lines 
will meet or magnitude of the radius may be computed by 
drawing a parallel to one of the lines to intersect the other and 
the chord joining their extremities ; when we shall have the pro- 
portion, section of chord to chord as section of radius to radius. 

177. Problem 69. — To describe an arc through three given 
points without finding the centre of the circle. 

Join the three given points A, B, G, Fig. 136, with each 
other ; from two of the points, A and B, as centres, with radius 
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eqiial to AB, the dietance between Hmtu, describe iirca B D, and 
A.E,aiid produce AO ondB to meet tbem in the points D aud 
E ; take any distance 'wbutaver betvaen tbe points of the oom- 
passes, andsetitoff fromDtoKand!^, and &om B to LondL', 
so that the am A E is diminished and iscreased by the game 
amount as the arc BD is increased and diminished; and con- 
sequently the sums of the arcs A E and B D, of A L and B K, 
and of A L' and B E' are all equal. Join A K and B L inter- 
secting in P, and A K' and B L' intersecting in Q, ; then P and 
U are points in the required arc. Again, by takini; other 
^tanoea and adding them to one of the arcs A E. B D and 



nr.isi. 
subtracting them from the other, other points in the are may 
is like manner be found ; and the curra drawn through all these 
points will be the arc required. 

Season. — The arc D K being equal to the arc E L, the angle 
D A K is equal to the angle E B L [Theor. 27) ; therefore, adding 
to each of these equals the angles CAB and L B A, the two 
angles EAB, LB A, of the triangle PAB, are equal to the 
two angles DAB, EBA, of the triangle CAB; therefore 
(Theor. S] Ihe remaining angle A PB is equal to the remaining 
angle A C B ; and therefore (Theor. 22) P is a point on the arc 
ACB. 

In like manner the point Q is on the same are, and also 
other points determined by Betting off any other equal distances 
from D and E on the arcs B D and A E. 

This method is of practical utility when the circles to which 
the arcs belong are so large as to render the mode of striking 
them from a centre inconrenient. 



(! .] The base of a triangle is 3 inches, and tbe anglee at the 
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liase are 5° and 7° respeotiTelf ; desoribe a circular nrc througli 
the angular points of the triangle. 

(2.) Tike span of an arc is o inohee, and its tise J inch; de- 
scribe the arc. 

178. PSOBLEU 70. — To ctmtinue to ony detired extent an ari 
of a ciroie alrtady laid down. 

Join A, B, Fig. 137, the extremities of the arc, and draw the 
chords AC, B C, to a point C upon it ; drav C P, mokii^ any 
angle with A, and B F making the same angle with B A, and 
let C P and B P meet in P ; then P is a point in the prolongation 



of the arc from the extremity A ; and setHiig off other pairs of 
equal angles &om C A and B A, as many points as necessary in 
the prolongation may be found, through which the curve may 
be drawn. In like manner, by setting off pairs of equal angles 
from CB and AB, the arc may be prolonged from the ex- 
tremity B. 

Season. — The angle C P B is, by the construction, mode 
equal to the angle C A B, and as in the preceding problem, P ia 
a point on the arc B C A. 

EzEBasE. 
Continue the arc of fhe last exercise to about one inch from 
either extremity. 



ic 71. — To dvajB a line toxtching a gwen drailar 
are at a given point withmU complying the ctrcZc or finding ill 

Take any convenient distance and set it off twice from the 
giTen point P, Fig. 1 3S, to Q and R, and join F R ; from P draw 
FT, making the angle TFQ equal to the angle QPB; then 
PT shall be the required tangent. 

ReoMn. — Suppose FV to bo a diameter, andQ Vto be drawn; 
then Oie angles Q B P and Q T P, being in the same Begm«nt, 
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are (Theor. 22) equal to one another. Again, PQ being equal 
to Q, B, the aagle Q B F is equal to the angle Q P B, end to this 
TPQhaa been made equal; tii«refoni TPQis equal to QVF ; 

therefore the angle TFV is equal to the angles QVP and 
Q P V ; but, aince P V is a diameter, the angle P Q V ia (Tteor. 



14] a right angle; therefbre (Thoor. 6) the auglee QPT and 
QVP are equal to a right angle. Hence the angle TPTie a 
right angle, and T P therefore touches the circle (Theor. 20). 

Making P Q, equal to U B amplifies the couetniction ; but if 
P. Q, B he any three points and. the angle TFQ be made 
equal to the angle QBP, PT wUl be a tangent to the arc 
passing through the tiiree points P, Q, R. 



(1.) The distance from A to £ is 4 inches, from A to C, 
2j inches, and trooi B to C, H inches; draw a circular arc 
through the points ABO; continue the are bsTond A to a 
point r at distance of ahont 1 inch from A, and drawn through 
P a tangent to the curve. 

(2.) A B is a distance of 6 inches ; the angles CAB and 
C B A measure 3° and 6° ; draw a tangent at A to the arc pass- 
ing through the pointe ABC. 

180. Pbobleic 72. — To drmc a tangent to an arc o/ a large 
circle /tvm a point tpitlunU it. 

From the giTen point T, Fig. 139, draw TQB to out tbe 
arc in the points Q and B; find a mean proportional between 
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TQ and TB(Frob. 33), and set it off from TtoP; tken TP 
will be the tangent required. 

Beaton, — By Uie OonHtmctioii the rectangle BT, TQ, is equal 
to tlie square on T F ; therefore [Tlieor. 25) T F touclies the circle. 



I '23 incli and 6 iuches re- 



spectively ; draw a tangent from a -point at a distance of half 
an inch, vertically above one extremity of the arc, and measure 
the ieDgth from the given point to the point of contact. — An$. 
4 '2 inches. 



Ha. i«. 

181. Froblek T3. — T« drseribt an arc of gtvm radiaf to tow^h 
two given straight Hnet. 

Method T. — Produce the given lines CA, Pig. HO, and 
DB to meet in the point T; t^e a distance equal to sume 
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conyenient aliquot part of the radius, and set it off from T to 
the point K upon T B, and the point L upon A T produced ; 
from K and L draw K X and L X perpendicular to T £ and 
T L, and let these perpendiculars meet in the point X ; take a 
distance the same multiple of K X or X L that the given radius 
is of TK or TL, and set it off from T to A and B; then A 
and B will be the points of contact. Bisect the angles TAB, 
T B A, by the straight lines A C, B 0, meeting in ; then 
the arc drawn through the points ABO will be the arc 
required. 

BeMon, — Join T X, which will bisect the angle K T L. Then 
if A and B be the points of contact, lines drawn from A and 
B at right angles to A and B D, would (Theor. 20) meet at 
the centre O, and the straight line T would bisect the angle 
A T B. Now the angles A T B and B T L are together equal to 
two right angles ; therefore, the halves of these angles, or the 
angles £T0 and KTX, are together equal to a right angle; 
but, since T K X is a right angle, the angles K T X and K X T 
are (Theor. 5) also equal to a right angle ; therefore the angle 
B T is equal to the angle KXT. Also the right angle TX X 
is equal to the right angle T B ; therefore the triangles KTX 
and BTO are equiangular, and (Theor. 18) the sides about 
their equal angles are proportionals, and whatever multiple the 
radius B O is of T K, the same multiple must T B be of K X. 

Again, the angles TAB and T B A being bisected by the 
lines A C and B C, the angle T A is made equal to the angle 
C B A in the alternate segment, and therefore (Theor. 23) C is a 
point on the arc. 

Checks, — ^If L K be joined, it is bisected at right angles by 
T X ; the point C is on the line T bisecting the angle A T B, 
and this line bisects A B at right angles in the point E. Also 
TEIstoEAasTAisto the given radius. 

Method II. — By Tangents and Secants, Measure the angle 
B T L in degrees and parts of a degree ; half this measurement 

AT 

will be the measure of the angle A T. Now, ^t-tc is the 

TO . 
trigonometrical tangent of A T, and -r-^ is its secant ; hence 

T A is the product of the tabular tangent multiplied by the 
given radius ; T O is the product of the tabular rocant and the 
given radius ; and T is this product diminished by the radius. 
Hence, take from a table of natural tangents and secants the 
tangent and secant of half the angle B T L; multiply the 

F 
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tabular Tslne of the taageat by the giTen radius, and the result 
will be Ute dietonce, wliich, set off from I, will give the points 
of contact A and B. Again, sabtroct 1 fma the tabolftr 
Recant ; multiply tlie remsinder bj the giyen radins, and the 
resolt will be the diBtance T C. 

To find other points on the cnrro by this metliod, through A, 
Fig. 141, draw any line Ae; measoie the angle TAe; 
multiply the Tolie found in the tKhlee for the tangent of Utis 
angle by the given radius, and set off the distance thnB found 



from A to f ; make the angle A t j> equal to the complement 
of tiie angle t A e ; Hitninigh by 1 the tabular value of the 
secant of ( A « ; multiply the remainder by the given radiua, 
and setting off the distance thus found from ttop, p will be a 
point on the arc. In the same way, any number of ptonts in 
the arc may be found, and the curve drawn tluough all these 
points will be the arc required. 

KXEBOISBS. 

(1.] Two lines are inclined toone anotherat an angle of ISO"; 
cconeot them taagmtially by an arc of 10 inches radius. Use 
Method I. 

(2.) Two lines contain an angle of lTO°, connect them 
tangentially by an arc of 60 inches radius. tJae Method II. 

182. Pbobleh 74. — To deaeribe on are to touch a given straight 
Hue t'n a given point, <md to pati through anothtr given point, 
without finding tha centre. 

Join Uie given point A, Fig. 142. on the ^ven line A H, with 
the other given point B ; bisect the angle H A B by the straight 
line A C ; moke the angle ABC equal to the angle B A C, and 
C will be B point in the arc, which can be described throngh the 
points A B C by the methods nlready explained. 

Or make the angle ABH equal to theon^eBAH; then 
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B H vill be a tangent to tLe are at ttie point B ; th« product of 
the tabular cotangent of H A B, multiplied hy A H, will be the 



radios of the arc ; and the are can be described irom these data 
by the method of tangents and secants. 

The tabulai' cosecant of H A B, multiplied b^ half of A B, 
will also give the radius. 

ExEBOias. 

The angle between two straight lines, AH and AB, is 9°, 
and the distsnce &om A to B is 3 inches ; describe an arc to 
touch A H at the point A, and to pass through the point B. 



a^le. 



tg-ua. 

P^BLEii 15. — Upon a given straight line to dtterihe a 
vt qf a circle that ihaU contain an angle equal to a given 
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At tii« extremidee A, B, Fig. 143, of the given line, make the 
ftnglea B A C. A B D, each equal to the given angle bac; draw 
AO and BO Bt r^ht ongloH to AO and BD; then 0, the 
point of intersection of AO and BO, will be the centre of the 
required segment. 

Check.— ^e line E O, biaeoting A £ at right angles, will paaa 
throngh the point 0. 

Staton. — The angles A B, B A, being equal to one another, 
A O is equal to OB: the circle described with radius OA or 
B will {Theor. 20) toncb Ibe lines A C and B D ; and henoe 
(Theor. 23] the angle B A C or A B D will equal the angle in the 
alternate segment AF B. 



[1.) Upon a line 2 inches long, construct a segioent to contain 
an angle of 45°, 

(2.) The base of an isosceles triangle measures 1 inch, and the 
pei-pendicular from the vertex on the base 1-4 ioohea; on a 
line 2 inches long construct a segment to contain an angle equal 
to one of the angles at the base of the triangle. 

184. Pbobleh 76. — From a given eirde to cutoff a ugmmt to 
contain a given angle. 
Draw a straight line OD, Fig. 144. in toncb tbe piyen circle 



ABC, in any point C ; make the angle D C B equal to the 
^iven angle hcd; then this line will cutoff the required seg- 
ment ABC. 
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fioMOn.—^e angle B C D is (Theor. 23} equ&l to the utgl« ii 
the alteniate segment A fi C. 



(1.) From a circle 2 inchea in diameter, cut off a Begment to 
cont^n an angle of 64°. 

(2.) The Bides of a triangle are 1 inob, 2 inchea, and 3 inches ; 
from a circle of l\ inches diameter cut off a segment to contain 
an angle equal lo the greatest angle of the triangle. 

18J>. Pbobleu 77. — Oivea the bate, the vertical attglt, and tht 
ptrpendiaJar in a p2dn« triangh, to axutrvet it. 

Upon the given baae A B, Fig. 14S, describe (Prob. 72] a 
segment to contain an angle equal to the given angle acb; 



draw a parallel to A B, at a distance from it equal to tike given 
perpendicular de,to meet the circumference in the points C and 
D ; then either A B or D A B is the triangle required. 

Reaion. — Every angle in the segment A C D B being equal to 
the given vertical angle, both AOB and A SB areeqnalto 
this angle, and the perpendicular is the distance between C D 
and AB. 

If 1> touch the oirole there will be only one If iangte, which 
can be oonetnicted upon the base A B, with the given altitude 
and vertical angle. 

If OD pass entirely without the circle, no triangle can be 
deaoribed on A B with the given latitude and vertical angle. 
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Conetract & triangle luTing a TsrtioBl uigle of 30°, a base of 
1} iuchee, and an Altitude of 1 inch. 

186. Fbobleu T8. — TAe vtrtiral angit, and the tiant of tht 
fidft containing it, beijuf given, to eon»truet tht triangle upon a 
lose given both in magnitude and poiition.* 

Upoii tke ^ven boM A B, Fig. 146, describe a segmmt A D B, 
to contain an angle equal to half the given angle ach; from A, 



as centre, vith distance eqoal to a <£, the given sum of the two 
mdes, strike an arc cutting A D B in the points D, and make the 
angle D B equal to the angle B D C ; then will either of the 
triangles C B D be the required triangle. 

Beaton. — The angles ODB and OBD being equal to one 
another, B is equal to C D : therefore, A C and C B together 
are equal to AD, or to the given sum. Again, ACB being 
equal [Theor. 6) to the two equal angles OBD and C D B, is 
doable of one of them, ODB, and is therefore eqoal to the given 
vertical angle. 

 If IhB taw wera (Ino In DUicnlnide oB\f, tht pntdHn mmld be Idcntieal with 
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If Uks given leng& A B be eqaal to the diameter of the circle 
ADB, there will only be one triangle uiswering the given 
conditions. If A D be greater than the diameter of the circle 
ADB, no triangle can be deaciibad to uwer the given con- 

ditJQDS. 

EXXBOISB. 

Draw a line 1} inches lung, and upon it describe a triangle 
such that the vertical angle shall be 60°, and the sides con- 
taining it shall together meaquie 2 inches. 



It 79. — The vertical angle, and tht difference of the 
two tidea containing it, being given, to eonitnut the triangle on a 
base given Mk in magnitude and poeition. * 

Draw A£ at right angles to the given base AB, Fig. 14T, 
and make the angle E A F equal to half the given angle act; 



ng. UT. 
upon A B describe a aegiuent A D B to contain an angle equal 
to the angle B A F ; frum centi'e A with distance A D, equal to 
the given difierence of the sides, strike an arc cutting ADB, 
the circumference of the s^ment, in the point D; join AD. 
D B, and, producing A D, make the angle D B equal to the 
angle B D ; then shall A B C be the triangle required. 

Season. — Draw C G to bisect the angle DOB; then will 
C G be at right angles to B D. The angle A D B is equal to the 

• H Ihe Ixae men giieo in magnitode onl;, Uia problem aonld be identiwt wiih 
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two angles D Q and D O [Theor. 5), and hj tihe oasustravtioa 
it ie alao equal to B A F ; therefare, B A F is equal to the two 
aoglesDajDandDOa. But tlie right angle D Q C is equal to 
the right angle BAE; therefoie, the angle DCGia equal to 
the angle EAF, or half the given angle aeb, and therefore the 
entire vertical angle A C B is equal to the given angle. Again, 
GDie equal to C B, and therefore the exoees of A above C B 
is equal to A D, the given difference of the sides. 



Draw a base 2 inches long, and upon it describe a triangle 
each that the vertical angle ehall be 45°, and the difference of 
the sides containing it shall measnre 1 inch. 

186. Pbdblbh 80.-7^ base, the vertical angle, and the ratio 
of the two ndei being given, to cOTUtruct the triangle. 

Divide the given base, A B, in the point J), so that A D maj 
have to DB the given ratio; upon AB describeaciTcle AGBE, 



Fl|t-14S. 
X) that the angle in the segment A C B may be equal to the 
given angle acb; bisect thearo AEB in the point E; join ED 
and produce it to C; join AO, CB ; then ABC shall be the 
required triangle. 

Seaaim. — The angle AOB in the segment A C B ie equal to 
the given vertical angle. Also, the arcs AE and EB being 
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equal, the anglei ACE aod £ C B are also equal (Tlieor. 27), 
amdtheangle ACBisbigectedby diestittight line AD; there- 
fore (Eu. TI. 3) AG lua to OB tbe same ratio as AD to 
D B, whicli was made equal to the given ratio. 

EXSKCISE. 

Construct a triangle of which the base shall be 24^ inches, (be 
vertical angle 30°, and the aides shall have the ratio of 2 to 1. 



CBAPTEE VI. 

OF INSCEISED AXS CISOUMBOBIBED FIQUSBS. 

189. PpoblemSI. — In a given einle toplaa straight line* equal 
and paralUl to a given $traight tin^ not greater than the diametrr 
of the eircle. 

Bisect the given line A B, Fig. 149, in the point D, and join this 
point witb the centre of the 
given circle ; throogh A and B 



parallel to A B, in the points £ | 
and F; at E and F draw E O 
and F H, perpendicular to tbe 
diameter E F, to meet the cir- 
cumference in Q and H ; join 
G H ; then O H is equal and 
parallel to A B. 

Beaton. — The figures E D, 
D F, E B, are parallelogramB ; 
therefore, E F ie equal to A B, 
and E C, C B, aie equal to A D, 
DB, respectively; thereforeBC 
isequaltoCF; therefore, EG 
ie equal to F H (Bu. IH. 14). 
Hence, since E G and F H are 
equal and (Theor. 9} parallel, G H i 
parallel to E F. that is, to A B. 



Construct a triangle with sides of ^ inch, H inches, atid IJ 
inches; describe adrcle round one ofits angular pointeas centn 



103 raAOTiau. pukb asoiiBTRT. 

with a ladioa of 2 inchea. Place m the circle liaea equal and 
parallel to the sides of the tritmgle. 

190. PbOblek 82. — To imeribe tquarei in a given triamgk. 
From A, Fig. 150,one of the angular points of the triangle.draw 

A E parallel, and A D perpendicular to, the opposite side, B C, 
of the triangle ; ma^ 
A E equal to A D, 
and join B E, catting 
A C in F; through F 
dnnr F O parallel to 
BC.andFHparaUel 
to A D ; through O 
draw G E parallel to 
AD; thenOEHF 
is a aqiiara. 

.Souon. — The tri- 
angles O B E and A B 
Fiif- ifio. U are equiangular, 

nnu BO also are the triangles BGF and BAE; therefore, 
(Theor. 18) 

OE : AD : T BG : BA ; ; OF : AE; 
but AD is equal to AE; therefore, G Sis equal QF, end tlie 
parallelogram GH is equilateral. Again, AD being perpen- 
dicular toBO, FH and OE parallel to AD are also perpen- 
dicular to BO, and the paralldogram is rectangular; theteibre, 
it is a square. 

In like manner two other squares may be described in the 
triangle, having their bases on the sides A B, A 0, respectively. 

EXEBCISEB. 

(1.) The base of a triangle is 2 indLes long, and the angles 
at the base are 35° and 63 respectiTelj. Insmbe squares in 
the triangle. 

(2.) An equilateral triangle has sides of 1^ inches. Inacribe 
squares in Uie trian^e. 

(3.) Two sides of a triangle are each \\ inches long, and 
include an angle of S0°. Inscribe squares in the triai^Ie. 

191. Froblsu 83. — To intrriha an aptHalftral triangU in a 
tqtmre, (1) token the verUx of the triangle ti on on angular point 
o/tbe iquare; (2) when the vertex is on the hiieeling point of attd* 
^thetquare. 
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(1.) From the angular poiiit A, Fig. 151, draw AC and AD, 
making with the diagonal A B, the angles B A C, B A D, each 
equal to 3tf, or one-third 
of a right angle, and join 
CD; then A C D will be 
the required biangle. 

Staton. — ^In the triangles 
AEC, AFD, the angles 
E A and F A D are equal 
by construction, the right 
angles at E and F an 
equal, uid the side AE 
is equal to the aide AF; 
therefore, the triangles are 
equal in all respects, and 
ACiaeqnalto AD. Hence 
the angles A CDand ADC 
are equal to one another ; 
and, since C A D is two- 
thirds of a right angle, AD C and ACD are also each two- 
thirds of a right angle, and the triangle A C I> is equiangular ; it 
is therefore (Theor. 4} equilateral. 

(2.) Bisect A B, Fig. 152, a aidq of tlie square in the point C, 
and ftom C draw CD, OE, 
making the angles ACD, 
BCE, each equal to 60° or 
tvO'thirds of a right angle, 
andjoiuDE; then CD E will 
be the triangle required. 

Beaton.— A.CB and BCE 
being each two-thirds of a 
right angle, D E is also two- 
thirds of a right angle ; also, 
as in the preceding case, the 
angles D £ and CED are 
equal to one another, and eaeh, 
therefore, to two-thirds of a "e- iu- 

right angle. Hence, as before, the triangle C D E is equilateral. 



Describe a square on a line 1'6 inohea long. Inscribe in it 
equilateral triangles with their rertioes on an angular point, 
and on the biseotion of a side. 
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192. Pkoblbu 84. — To iiueribt a regular heixigon in a given 
tqaikUerai triangle. 

Bisect A. B C, A C B, Fig. 153, extj two of the angles of the 
triangle, hy atraigbt lines iuteraeoting at D ; through D draw 
mH, FK, LO. parallel respectively to the aides A B, AC, BC. 



Fig. 1(3. 

of the triangle; join Fa, HE, LE; then EFOHEL is tlie 
required regular hexagon. 

Reason. — By the oonstruction the side B is trisected (Frob. 
36], and the figure BDisapiwallelogTam; therefore, EFandLD 
are each equal to B E, and therefore tooue another, HenoeE F 
and LD being both eqnal and parallel, L F ia also a rarallelo- 
gram (Tbeor. 10} and L E equal to D F. The triangle D L E baa 
therefore its sides respectively equal to tlie ndes of the triangle 
B E F, and ia therefore equilateral. Hence L E is equal to E F. 
In like manner each of the sides FCh, GH, HE, EL, is equal 
to E F or L E, and the hexagon is equilateral. Again, each of 
the angles of the hexagon is equal to two angles of equilateral 
trianglea, and the hexagon is equiangular. 



Oonstraot an equilateral triangle on a base of 3 inchee, and 
inscribe in it a regular hexagon. 
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193. PrOBLEK S5.— To imcribe a regular oetagon in a givm 

Oa AB, Fig. 154, deaoribe a aetnicirole A D B ; bisect AB at 
right angles by CD outting tlie semicircle in the point D ; from 
centres A and B, with 
radius AD or DB, de- 
sciibe arcs cutting AB 
in the pointa E and F. 
then EF will beaside of 
the required octagon; and 
setting off on the other 
eideg of the sqnaie the 
distance A E or BE from 
ite angular points, the 
angular points of the 
octagon will be deter- 

It is to be noted that 
the point D ia also the in- 
t«raection of the diago- 
nals of the square. '' >t<- ^^■ 

Beaton. — Making A equal to A IJ, and joining E O, the 
triangles O A E and A D B are equiangular, aud therefore (Theor 
18)- 

AB : ADorAF ; : EG : AE. 
 Now by construction — 

AC : AF : : AP : AB; 
.-. AC : OF r : AF : FBorAE; 
.'. sinceAB is equal to twice AC, and EF to 
twice OF; 
AB : EF : : AF : AE; 
and.-. AB : : AP : : EF : AE. 
But we have seen that — 

AB : AF : : EQ : AE; 
therefore, E O is equal to E. P. 
In like manner the other sides of the figure are equal to E O 
or E F, and the octagon is equilateral, and equiangular. 

IM. Fbobleu S6. — In a g\va\ cirde lo inKribe a triatigU 
having given angle». 

Drayr a straight line DAE, Pig. IJSS, touching the circle; 
from the point of contact A draw A B, A C, making the angles 
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D A B, E A C equal to two of the given angles ; join B C, then 

A B C is the required triangle. 
Beaton.— The angle A B C is (Theor. 23] equal to the angle 
EAC, one of the given 
angles; the an^e ACB 
is in like manner equal to 
DAB, anotlier of the given 
angles ; and, therefore, 
B A is equal to the third 
angle. 

Exercises. 
(1.) Constroot & triangle 
whose Bides are 1'2 inches, 
I'fi inches, and I'T inohee, 
and place a triangle equi- 
angular to it in a oirole 
whose diameter is 1^ 
^"*- inches. 

(2.) InscribeanequilateraltriansleinacirclewithadiametAt 
of 2 inches. 
(3.) Inscribe in a circle whose radius is '9 inch an isosoelea 
triangle whose vertical angle is 
40°. 

Note. — Au equilateral or iaoa- 
oolea triangle may also be in- 
scribed in a oirole by netting off 
half the vertical angle from the 
eitremitr of a diameter on each 
of it. (Fig. 166,) 

196. FBOBum 97. — About a 
ffivea circh to detcribe a triangU 
having angla equal to given anglee. 
Draw AB, Fig. 167, anyra- 
Tig. tM. diuB of the circle ; from A draw 

AC, AD, making the angjes BAG, BAD equal to two of the 
given angles ; produce A. D A, to E and F ; tbrougli the 
points B, E, F, draw H E, EG, OH, at right angles to AB, 
AE, AF respectively; then OHE will he ^ requind 
triangle. 

Reaton. — Since the four angles of the quadrilateral A B KE are 
(Theor. 6] equal to four right angles, and that ABE and A E K 
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ftrerie^tan^M; therafon B ASandfiKE are equal to two 
right angles ; bnt B A E and B A are also (15) equal to two 
light anglee; therefore BEE is equal to BAC, one of the 
given angles. In likemannerBHFisequal toB AD, another 



rsg.isi. 
of the given angles ; and therefore H Q E is equal to the third 
angle. 

EXEBCIBES. 

(I.) About a circle of '6 inch radius describe a. triangle 
having ang^ of S0°, 60°, and 70°. 

(2. ) About a circle of 2 inches diameter describe an equilateral 
tiiongte. 

(3.) About a circle of I'l inches diameter describe an isosceles 
triangle, each of the angles at the base being equal to 65°. 

196. PbOBLBK 88.— To interibe a drdt in a given triangle. 
This problem is a part of the more general problem already 

solved (Prob. 64), to deecribe circles tangential to three given 

197. Pbobleu 89. — To dacrihe a circle about a givea triangle. 
This problem is identioal with problem 40, to describe a circle 

through three given points. 



Oonstruot a triangle whose two sides are 1 - 2 inohes and 2 ' 1 inches 
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and perpendicular firom the reitez on UiabaM I inch. Describe a 

circle about the triangle and measure the length of its diameter. 

Ant. 2'fi2 inchsB. 

198. Problem 90. — To iTiteribe a tqunre t'n a given circle. 
Draw two diainet«ra AOand BD, Fig. 1fi8, at right angles 
to one anotlier ; join A B, 
BC, CD,DA; ABCD 
shall be the square re- 
quired. 

Beaton. — The two aides 

AE, EB, being equal to 

the two Bides CE, EB, 

each to each, and the right 

angle AEB to the right 

angle E B, the base A B 

ia eqnal to tlia base B C. 

In like manner AD, DC, 

are each of them equal to 

AB orB C, and theqoad- 

rilateral A B D is eqni- 

_. , lateral. Again, each of 

its angles being the angle 

in a semicircle vs (Thaor. 14) a right angle. The quadrilateral, 

tben, being both equilateral and rectangular, is a square. 



About an eqaiUt«ral triangle with sides of 3 inches describe 
a circle. Inscribe a square in the circle and measure its side. 
Am. 1'63 inches. 

199. Pbobleh 91. — Tq deicribe a iquare about a given cirde. 

Draw two diameters, AC and B D, Fig. 159, at right angles 
to one another; through the points ABCD draw F£, FO, 
OH, HK, at right angles to AC and BD; thenFOHKshaU 
be the required square. 

AM«m.— FE, FQ, OH, HE, being at right angles to 
diameters, teach the circle ( fheor. 20) ; therefore the quadri- 
lateral F O H K is described about the circle. The angles at A 
and B being right angles, FE is (Tbeor. 9] parallel to BD. 
In like manner OH is paraUel to BD, and FO and HE 
parallel to A ; therefore F D, D O, O A and AH are parallelo- 
grams ; therefbre F E, O H are each equal to 6 D, and F Q, 
H E, each equal te A C ; and A C being equal to B D, the 



^cnCAL PUNS UBOMKTRT. 113 

quadrilateral a equilateral. Again F E being a parallalogTom, 
aad A E B a right angle, the angle at F is (Theor. 1 1 } aim a right 
angle, and aimilorly the 
angles at G, H, K, are 
right angles; therefore 
the figure is rectangular. 



(t.) Describe a square 
abont a mrole of 2^ inohas 
diameter. 

(2.) Describe a circle 
aboat a Mangle whose 
sides are 2 inabos, 3 
inches, and 1 inch. De- 
scribe a square about this 
circle. What is the length 
of its side P — Aiu. 2-1 



E%.1M. 



200. Frobleu 92. — To inxribe a drde in a given iquan. 

Draw AO, BD, Fig. 160, the diagonals of the square, inter- 
secting in the point E ; from E 
draw E F perpendioalar to AD; 
then E shall be the centre and 
E F a radius of the required 

BeoKm. — From E draw E G, 
E H, E E, perpendicular to A B, 
B C, D respectively. The sides 
B A, A C, of the triangle B A am 
equal to the sides D A, A 0, of the 
triangle D A 0, and the base B C 
is also equal to the base OD; 
therefore the angle B A C is equal 
to the angle D A C [Tbeor. 2) ; also 
the right angle A G E is equal to the right angle A F E, ad 
the side A £ is common to the two triangles E A G, E A F ; there- 
fore (Theor. 3) E F is equal to E G. In like manner E H. E £, 
are each equal to E F orE G. Hence the circle described from 
centre E with radius EF will pass throngh the points G, H, and 
E, and (Theor. 20)touch the sides AB.BC, CD, DA, since the 
angles at F, G, H, E, are right angles 
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(I.) Inscribe b. circle in a square having ndee 2^- inches long 

(3.) Describe an equilateral triangle with sides of 2| inches; 

inscribe a aqnare in the triangle. Inscribe a circle in the 

square. Ueasure the diameter of the (drcle. — Afu. 1'28 

201, FroblEH 93. — To dacribe a citeU about a given «juare. 

Draw A 0, B I>, Fig. 161, the diagonals of the square, inter- 
secting in E ; then El will be the centre of required oirole, and 
the diagonals will he diameters. 

Beason. — It has been shown in the preceding problem that the 
anglesB AOandD AC, are equal, so that th.e angle BAD is bi- 
sected by the diagooal 
A C ; and in like manner 
the other angles of the 
square are each bisected 
by a diagonal. Again, 
(he anglea BAD and 
ADC being equal to one 
another, their halTea, the 
angles EAD and EDA, 
are equal to one another ; 
therefore (Theor. 4) E A 
is equal to E D. In like 
manner, E B, E C, are 
each equal to B A or E D ; 
and the circle described 
with centre E, and radius 
equalto half thediagonal, ''^ 

wi 1 pass through the angular points and be described about 
the square. 



J>escribe a circle with a diameter of If inches; about this 
circle describe a square. Describe a circle about the square, 
« its diameter— ^n*. 3 12 inches. 



202.— Fboblbu 94.— To intcriba a regutar decagon in a given 

Draw two diameters, A B and D E, Fig. 162, at right angles 
to one another ; bisect A C in F ; from oentie F with radius 
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F D, describe sa bto cutting A B in G, tben G O wUI be a side 
of tihe required decagon, whioh will therefore be deaoribed by 
placing ohoids equal to O all rannd the ciroumfennoe. 

Btaton. — Draw B H, one of the chords, equal to O, and 
join OH; then, since (Eu. II. 11] the rectangle B, B G, ia 



<>qufil to the square on C G, and B H ia equal to O, the 
triangle B H (Prob. 20) has each of the angles at the base 
double of the angle B H, at the vertex ; therefore, the angle 
B H is a fifth part of two right angles, or a tenth part of four 
right angles. Hence ten chords, each equal to B H, will exactly 
go round the circumference, and form a reguhir decagon. 

Rxit iMTTim. 

Inscribe a regular decagon in a circle of 3 inches diameter. 

203. FB0BI2H 95. — To inacribe a regular pentagon in a givai 

MsTHOD I. — Find the mde of a regular decagon inscribed in 
the circle by the construction explained in the preceding prob- 
lem ; place in the circle two chorda, B H, B £, each equal to 
the aide thus fbund ; join H K ; then H E will be a aide of the 
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Tsquired pentagon, which will therefore be deBctibeil bj placing 
chorda eqnol to H E all round the circumferenoe. 

Method II. — The eame oonHtruDtion being made as in the 
preceding problem, D 6- will be equsl to a side of the pentagon, 
which will therefore be described by placing ditoids equal to 
D G all roond the circumference. 

Seaaon.—3om H O, which will be equal to H B or C O 
(Bu. IV. 10). and G L will bo equal toLB, andHLtoLE; 
therefore HK'+GB' 18 equal to 4 HL' + 4L B ', and, there- 
fore, to 4 H B". or 4 GP. Now C G= U equal toOB- BO, and. 
therefore, to GO B + 6B'; therefore, 4 0' is equal to 
2CO'+2CG'OB+2 0B', and, therefore, to B' + C 0" + 
O B». But. H K'+O B' has also been shown to be equal to 
4 CO'; therefore, HK'+GB» is equal to CB'+CG>+GB', 
and, therefore, H E? alone is eqTial to B'+O 0', or to 



C D'+CO', thatia, to DG*; therefore, H K, the Elide of the 
pentagon, is equal to D Q, 

Hence the simplest mode of describing the pentagon is shown 
in the accompanying figure (Fig. 163). A P equals F C ; F O 
equalsFD; DHequalsDO. 

The decagon may also be inscribed by bisecting the area 
subtended by ibe sides of the pentagon. 
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EXIIRCISEB. 

(1.) Inecribo a regtilar pentagon in a circle of 2-3 inuhee 
diameter, and give the meBBurementa of a side and of a 
diagonal. — Ant. l'3d inches; 2-lU inches. 

(2.) The base of an ieosoeles right-angled triangle is 3 inches ; 
ineoribe a circle in the triangle. Insoribe a regular pentagon 
m the circle. Qive the meamirementB of a side and of a 
diagonal. — ^n«. '63 inches; 1 '32 inches. 

204, Fboblem 96. — To itacribe a regular ktacof/on in a tirde. 

Method I. — Draw a diameter A O D, Fig. 164, Q being the 

centre of the circle; from centre D, with radius D G. strike aics 



cutting the oirde in the points C and E; join CO, £0, and 
produce them to meet the circumference at F and B ; join A B , 
BC, CD, DE, ET, FA; then ABCDEF shall be tte re- 
quired hexagon. The points B and F will also be found b7 
striking arcs from centre A with radiua A O. 

Aeawm. — The triuigles G C D and G D E are equilateral by 
the construction, hence each of the angles G D, D G E, is a 
third of two right angles; therefore, also (12) the angle E GFis 
a third of two right angles ; therefore, the three angles COD, 
DOE, EOF, are equal to each other ; and to these are respec- 
tively equal (Theor. 7) the Terlical opposite angles F A, 
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A Q B, Q- B ; tience the six angles ai« equal to each other, 
aiul conseqnently the six choida coimectiiig their extremitieB 
are also equal. 

Mbthos n. — Set chords eqiul to the radius all round the 
circumference. 

Sraton. — D is equal to G by the oonstmolion just given. 

EXEKCIBES. 

(1.) Inscribe a hexagon in a. circle whose diameter is 2'1 
inches. 

(2.) In an equilateral triangle of 3*2 inches side inscribe u 
circle. Inscribe s legular hexagon in the circle, Uoasure the 
side of the hexagon. — Atu. '92 inches. 

20JS. FbOBLEH 07.— fo iiuoribe a reguJar dodecagon in a given 
Draw two diameters AD, BE, Fig. 165, at right angles to one 



another ; with same radius as that of the given circle etrike area 
from A, B, D, B, as centres, to out the circumference ; then the 
circumference will be divided into twelve equnl arcs, and tlwir 
coords will form the required dodecagon. 
BeoKm. — A C 0, being the angle of an equilateral triangle, i» 
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tiro thuds of & right angle, andACBisaiightuigle; therefbre, 
B C O ie oae-third of a right angle or one-twelfth of four right 
angles. In like manner AC F is one-third of a right angle, uid 
thereforealsoFCOisone-thirdof aright angle, or one-twelfih 
of fboT right angles. Inthesamemannereaohof therightanglea 
BCD, DC£,ECA, has h«en trisected, and the whole ftmr 
right angles ooneequenUj divided into twelve equal angles. 

EZERCIBE. 

Inscribe a dodecagon in a circle of 3 inches diameter, and 

measure its side. — Ant. '78 inches. 

206. Pkoblkm 96. — To interibe a regular guindecagon in a 
givtn eireU. 



liaxk off (Prob. 66) on the cironmfbrenoe the angular points 
A, B, C, Fig, 166, of an equilateral triangle inscribed in the 
given circle ; find (pTob. flfi) the side A D of a regtilar pentagon 
inscribed in the oircle, and step with this distance all round 
the oirea-rnference from each of the points A, B, C ; then will 
there be fifteen points marked at equal distances, and the 
fifteen chords joining them will form tlw raqnired quindeoagou. 
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Beaton. — The circumfereQca ha« to be divided into fifteen 
equal parts; it is divided into three at A, B, C; hence the ansB 
A B, B C, A, contain each five of the required parts. Again, 
the are A D being one-fifth of the oircninference, containe three 
of the required parta, and heaoe, by stepping round the circum- 
ferenoe &om A, with the distance A D, fire of the points of 
division will be determined ; and in like manner, fire more of 
the points will be detei-mined by st«pping iiroui B and the re- 
maining five by stepping from C. 

EXEB0IS£. 

Inscribe a r^ular qnindecagon in a circle of 4 inches dia- 

side. — Am. "83 inches. 



207. Problem 09. — To inscribe a regviar polyyon of any given 
number of »ide« in a ffivtn eirde. 

Uethod I. — ^Draw a radius, A, Fig. 167 ; divide 360° by 
the given number of sides ; make the angle A S eqiial to the 
angle thus found; then the chord AB will be aside of the poly- 
gon, which will be described by placing chords equal to A B 
all round the oircumferenoe. 

Thus, to describe a r^ular nonagon in the circle; make the 
angle A B equal to ^<^°, or 40°. 
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Btaaoti. — If n be tbe number of BidM, tlie angle A C B vill, 
by the construction, be tbe nth part of four right ftnglea, and tha 
arc A £ the nth part of the circumference. 

M£THOV II. — Biride 180° by tbe given number of aides ; look 
for tbe sine of the angle thus found in a table of natural sines ; 
multiply the diameter of the given circle bf this tabular number; 
with tbe distance thus found step Tound the circumference. 
Thus, to inscribe a regular heptagon in a circle vith a diameter 
of ainohes: Jf*°=25i°; the natural sine of 25|°. or 26° 43'. 
will be found from the tables to be -434 nearly ; and multiplying 



this by 3, we obtain I'S for the side of the required heptagon. 
(Fig. 168.) 

B«cuon. — Tlie dioid of an arc is twice the sine of half the aro 
[tee Trigonometry), hence the chord of ^^° ig equal to twice 
the sine of ^\^°. Now the sine of an are is found by multiply- 
ing tlie tabulated sine by the radius of the cirolo ; hence, twice 
tbe sine of an arc, or the chord of twice tbe arc, is found by 
multiplying tbe tabulated sine by the diameter. 



(I.) Inaoribe a regula. Leptagon in a circle vilh a radius of 1 
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(2.) Inscribe a t«galar nonagon in a oirole vith & diameteF 
3f 3 inoIiM. 

(3.) iDscribe a regular polygon of eleven aides, in a circle 
with a diameter of 4 inches. 

208. Pbobleu 100. — To detcribe a r^ular poij/gon of any givtn 
number o/»ida about a given eirole. 

Determine, by one of the preceding problems, the angular 
points of a regular polygon of the same number of sides inscribed 



in the oirele ; through the points thus found draw taitgenta to 
the circle, and the polygon required will be described. 

Rm»oa. — Let C, Fig. 169, he the centre of the circle, and 
H E, E F, E O, be three consecutive sidoa of a polypron de- 
scribed aoootding to tlie method just eDUDcinted, D, A, B being . 
their points of eontaot with the circle ; then D, A, B are three 
of the angular points of an insoribed regular polygon, and the 
arcs D A, A B, are equal to one another, as also are the angles 
D C A, A C B. The angles at D, A, aud B are fTheor. 20) right 
angles; therefore (Theor. 12), CD'+DE»=C E'=0 A'+A E*, 
and. since C D> = C A', D E» must be equal to A E". and D E 
to E A. The triangles D E, C E A, have, therefore, their 
aides equal, each to each, and are ooosequently equal in all 
respects. The angles ACE and E C D are therefore equal to 
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one another, and A G E is the half of A C D. In the same 
manner, A F is half of A £; hence, since the angles D G A 
and A G B are equal to one another, AGE and A G F are also 
equal to one another ; the right angles E A G and G A F are 
aiso equal to one another, and the side G A is common to the 
two triangles G E A and G A F ; therefore, these two triangles 
are equal in all respects. Hence E A is equal to A F, and E F 
is double of E A. In like manner, E H is double of E D ; 
and, therefore, since A E is equal to E D, E F is equal to E H. 
In like manner, the other sides of the described figure are each 
equal to E F or E H, and the figure is equilateral. Again, the 
angles G E A and G F A being equal to one anothw, their 
doubles, the angles H E F and E F G, are equal to one another ; 
and in like manner, the other angles of the described figure are 
equal to H E F or E F G, and the figure is equiangular. 

Exercises. 

(1.) Describe a circle about a square whose sides are each 1 
inch. Describe a regular pentagon about the circle, and mea- 
sure its side and diagonal. — Ans. 1 inch; 1*62 inches. 

(2.) Describe a regular hexagon about a circle 2 inches in 
diameter, and measure one of its sides. — Ans, 1*15 inches. 

209 Problem 101. — To inscribe a circle «9i, and to describe a 
circle about, a given regular polygon. 

Bisect two of the adjacent angles of the polygon by the 
straight lines A G, B G, Fig. 170, meeting in G, and from G 
draw G D perpendicular on a side A B ; then G will be the 
centre both of the inscribed and circumscribed circles ; and G D 
and G A will be their radii. 

Heason, — Join G with the angular point E ; then, G A, A E 
are equal to G A, A B, each to each, and the angle G A E to the 
angle GAB, therefore G E A is equal to G B A, that is, to half 
an angle of the figure. Hence the angle A £i F is bisected by 
C E, and, simihu^ly, all the other angles of the figure are bisected 
by straight lines meeting in G. 

Draw G G perpendicular to A E ; then, since the angle GAG 
is equal to the angle GAD, the right angle G G A to the right 
angle G D A, and the side G A common to the two triangles 
GAG and GAL; therefore, these two triangles are equal in 
all respects, and the side G G is equal to the side G D. In like 
manner, the pei'pendiculars ftt>m G upon the other sides of the 
polygon are equal to C G or G D, and the circle described from 

o2 
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centre C, with any one of them as radius, will paaa thraogb the 
extremitieB of all of them, and (Theor. 20) touch the sides of the 
given polygon, in which, therefbre, the circle will be. inscribed. 
Again, the angles, CAB, C B A, being each equal to half an 
angle of the polygon, are equal to one another ; therefore, C A 



Fig. IT >. 

is equal to C B. In like manner, tlie lines drawn from. C to &e 
other angular points of the polygon are eadi equal to A or 
C B, and thecinile described from centre 0, with radiusequal to 
any one of them, will pass through the extremities of all the 
others and be described about the given polygon. 

EZEBCISEB. 

(1.) A regular pentagon is described with sidee of 1 inch. 
Inscribe a circle in it, and describe another about it ; and mea- 
sure their diametera. — Ant. 1'38 indi ; I'T inch. 

(2.) InMribe a circle in, and desoribe a circle about, a regular 
hexagon of } inch side. 

(3.) Inscribe a regular heptegon in a circle of 2'4 indiea dia- 
meter; and inscribe a circle in tiie heptagon. 

211, PBOBI.BM102. — Toitucribea ardem agiventtctor<ffacirct«. 

Bisect the angle BAO, Fig. ITI, by the straight line AD, 

Qutting the arc of the sector in the point I) ; through D dr^w 
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E 7 «t eight uiglea to A D, and oonBequently touehisg the are 
B C at the point D ; produce A B, A 0, to meet E F in &e p<Hnts 
E and F ; inscribe (Prob. 8B) a circle in the triangle A £ F ; 
then thie will be the circle required. The centre is found, there- 
fore, by bisecting either of the angles A E F, A F £. 

Beaton. — The centre of the circle iuBcribed in the triangle 
AEFiaontheline AD, bisecting the angle EAF (Prob. 64) - 



fig. 171. 

and, einceOD is perpendicular toEF, D is the point of contact 
nf this circle with E F ; tberefore, E F is a common tangent to 
the circles B D C and D H at the point D, and the oirclce 
touch one another at this point. 



(1.) The aides of a sector are 2 inches, and they indnde an 
angle of 50° ; inscribe a circle in the sector. 

(2.) Thesidesof a triangle are 1 inch, 2 inches, and 3 inches; 
inscribe in a circle of 3 inches diameter a triangle equiangular 
to the given triangle. Inscribe circles in the sectors formed by 
drawing radii to the angular points of the triangle. 

212. Pbobleu 103. — To in»eribe in a given eircU three e^mi 
tirda to touch one another and the given drde. 

Open the points of the compasses to a distance equal to the 
radius of (he given circle, end vith this distance mark off two 



126 PKACTIGAL PUNS OBOHBTRI. 

arcs DA and DB, Fig. 172, on tba cdrcnrnfeMnce ; dnvtha 
three radii A, O B, O 0, the la«t being in a line vith tikO point 
D; inscribe oirclee in the three wctors AOB, BOC, OO A; 
theae shall be the circles required. 
Rtatott, — By the ooustmctioa, the three circninferanoes A B, 



Fig. iii. 
B G, C A, are eqoal to each other, and the eectors A B, B O C, 
and A, are both similar and equal ; the cirolaB iuscribed in 
them will therefore be equal, and will touch each other, duoe 
they will touch the radii OA, OB, OG, at equal distances from 
the centre. 



The diameter of a given circle is 3 inches; inscribe in it 
three equal circles to touch one another and the given circle. 

213. Fbobleh 104. — To ijitcribe a tqvart in a gtvmi aegmen 

Bisect the base A B, Fig. 173, of the given segment in the 
point C; upon AB describe a square ABDK; join CD and 
C E, cutting the oiroumterence in tlu points F and ; join F Q, 
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and dnv GH and FEpanllelto AEorBD; theoFOHE 
will be the eqiiare lequiTed. 

Beaton. — From draw OL perpendicular to AB; thenCli 
is (Theor.e) parallel to AEandBI>,biBeot8(Theor. 11) D Eat 
right angles, and pasaea tbnm^ the oentre O of the cirrle. 
From O draw O U and N perpendicular to C D and C £ 
respectively, and join O F and Q-, Then, idnce the angle 
O C U is equal to the angle N, the right angle O M C equal 
to the right angle O N C, and the side common to the two 
triangles C O M and G O N, therefore (Theor. 3] C U is equal 
to C N, and M to O N. Again, because F is equal to G, 
the squares on M, U F are equal (Theor. 12) to the squares 
on N, N G; and 
therefore, since H I 
is equal to O N, M F 
is also equal to N G. ! 
But C M has been 
proved equal to N ; 
therefore the whole 
C F is equal to the 
whole C G ; and since, 
bjr tlie oonstructiDn, 
the angles F C E and 
C E F are respectively 
equal to the anf;l*^s 
GCH and C H G, 
therefore (Theor. 3) 
C E is equal to C H, 



E F to H G. 



Fig. in. 



Hence H E is double 
of C E ; and F E and G H being both equal and parallel, F G 
and H E ai« also equal and parallel. Now F E being parallel 
to B D, the triangles C K P and C B D are (Tbcor. 9} equi- 
angular, and (Theor. IS) have their sides about equal angles 
proportionals; therefore FE is to K C as D B to B C; and 
therefore, since B D is double of B C, F E is double of C K, 
and consequently equal to E H. Hence the parallelogram 
F G H E is equilateral, and being also rectangular, it is a 



^e diameter of a semicircle is 3 inobes ; inscribe in it a wjusTe. 
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CHAPTER Vir. 

cot EamVALSNT AUS BIHILAK FiaUXES, 

. Tbeokbus. 

214. Theos. 29. — PBrBllelogramB and triangles upon the sania 
or upon equal baaes, and between the Bame parallels, are equal 
to one another. (En. I. 33 — 38.) 

215. Theob. 30, — If a parallelogTam and a triangle be upon 
the same base and bettreen the same parallels, the parallelogiani 
shaU be double of the triangle. (Eu. I. 41.) 

216. Thboh. 31. — Trianglee and paiallelograms of the same 
altitude are one to the other ae their bases. (En. YI. 1.) 

217. Theob. 32. — Similar triangles and polygons are one to 
the otket in the duplicate ratio of their homoli^ous sides. 
Hence, if three straight lines be proportionals, Bb the first ie to 
the third, so is any rectilineal figure described upon the first to 
the similar and similarly described rectihneal fignre upon the 
second. (Bu. VI. 19, 20.) 

218. Tkeok, 33. — In any right-angled triangle the rectilineal 
fij;ure described upon the hypothenuse is eqtial to the similar 
nnd similarly described figures upon the sides. (Eu. YI. 31.) 

219. Theob. 34. — Circles are to one another as the squares 
of their diameters. (Eu. XII. 2.) 



Fig. 174. 

220. PboblKX 106. — To coiMtrucf a Iriangk tqwmlait to a 
given trkmgU, and having a given vertex or angular point. 

From the given point P, Fig. 1T4, draw P B and P to the 
extremities <rf a side of the given triangle ; ftom the angle A, 
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oppoate to B C, drav A D, A £, parallel to F fi, P C reepec- 
tdvely; join P D, P E ; then P Q E shall be tiie required 
triangle. 

Bmton. — Join A P. The triangles P A B, P D B, being on 
the Bame base, F B, and between the same parallels, F B, A D, 
are eqnal (Theor. 29) ; therefore, the quadrilateral D P A C is 
eqtial to the triangle ABO. In like manner, tha triangles 
P A C, P E 0, are equal, and, therefore, tlie triaogle P D E is 
equal to the quadrilateral D P A 0, that is, to the triangle ABC. 

If the given point F be on one of the ndee the problem is 
conmderably simplified. 



(1.) The sides of a triangle are 2 inches, 2j inches, and 3 
inches; construct equivalent triangles having their vertices in 
the middle points of the sides. 

(2.) Constmot triangles equivalent to the same triangle &om 
points on a line bisecting one of the angles, at distances of ^ 
inch from the angular point. 

221. PbOblem im.~Qiven the altitude of an woMefos triaiu/U 
equivala^t to a given Mangle, to eonetrvct it.. 

Draw P D, Pig. 175, bisecting the base, B C, of the given 
triangle at right angles in 
the point D, and make 
P B equal to tlie given 
altitude ; from A draw 
A E parallel to B C, in- 
tersecting F Din B; draw 
E P. E G, parallel to FB, 
P respectively; join 
PF, FG; then PPG I 
shall be the required tri- 
angle. 

Reatm. — If EB and ' 
E C be joined, the triangle ^' "*■ 

E B will (Theor. 29) be equal toABC; and PPG is equal 
to E B by the preceding problem. 



The base of a triangle is 2 inches, and the angles at the base 
*0^ and 60° respectively ; construct on equivalent isosceles 

triangle, 1^ inches high. 
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223. PxoBLEH 107. — Oivtn the hate of on itoteelei triamglt 
eiiUivahnt to a given triangle, to amttrvei it. 

Bisect a aide, B C. of Uie given triangle at right uglea by 
P D ; set off n F, D a, each eqnal to half the giTen Um ; 
dnw A E paraUel to BC; through B or araw B P orCF, 
paraUel to F E or GE; join FF, P Q; PFG shaU be the 
triangle required. 

Beaton. — Ideutioal with th&t given for last problem. 

EXEBCISK. 

Construct an isosceles triangle, with abase of 11 inches, equi' 
valent to a right-angled triangle, whose base and altitude are 1) 
inches and 1 inch respectively. 

223. Problsu 108.— Oiwn the equal tidet of om itotcdet 
trianyle e^ivalent to a given triangit, to eonttruct it. 

From A, Fig. 176, one of the angular points of the triangle, 



Kg. at. 
sei, off on a nde, produced if necessary, A D, equal to the given 
side of the reqiiii^ triangle ; construct [Prob. Ifld) the triangle 
A D E, equivalent to A B ; from centre A, with radius A D, 
describe the circle D F F* ; through E draw E F F*, parallel to 
A D. cutting the circle D P F' in P and F" ; then A D F, or 
A D F*, will be the required triangle. 

Aa*™.— The triangles, A D P. A D F, are (Theot. 29) 
each of them equal to A D E, that is, to A B C. 

EXKBCISS. 

. Constraot an isosceles triangle with sidM of 2 inches, equi- 
valent to tli4 triangle whose sides are 1 inch, 1'4 inches, and 
1-? inches. 
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, — Oivtti on aingh, and cnt of (Ae tiifei oixi- 
(oHiui^Miian^ZB^a trian^b, egiMva^ent foajrttwtfnan^ZCitouon- 
From the extremity B, Fig. ITT, of one of the aide* B C of 
the givea triangle, draw B J), m&king the angle C B D equal 
to the given angle ; on B C or B D, produced if necassaiy, set 
off B E equal fo the given side ; draw A D parallel to C B, and 
constnutt (Prob. IM) the triangle B E F equivalent to the 
triangle BCD, then B E F shall be the required triangle. 

Staion. — B D C is (Theur. 29) equivalent to B A 0, and 
B E F is equivalent to B D C. 

EXERCISB. 

Construct a right-angled triangle. Having one of its sidee 2 
inches long, equivalent to an eqiulateral triangle with sides ' 
inches long. 



Fie. 11' I^' ITS. 

22fl. ProbIEM 110, — fftven (fte anj/M of ait iioicelea tntmglt 
equivalent to a ^vtn trianglt, to coTutruct it. 

DrawBD, Fig. ITS, making with B C, a side of the given 
triangle, the angle B D equal to the given vertical angle of 
the required triangle ; from A draw A D, parallel to B C ; take 
(Prob. 33) B B, a mean proportional between B C and B D ; 
construct (Prob. 105) the triangle B E P equivalent tc B C D ; 
then B E F shall be the required iriangle. 

AtMon. — Since F is by the construction (Prob. 105) parallel 
toED, BCistoBEasBFtoBD (Theor. IG) ; but B is to 
BEasBEtoBE; therefore B F is equal to B E, and the 
triangle B E F is isosceles; and it has been made equal to 
fi D C, Out is, to B A 0. 
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CSonetmcf a right-anglod isosceles triangle equivalent to the 
trias^e vhose ndes aie 1 indi, 2 mches, and 3 inclieB. 

226. PROBI.XU 111. — To oonOrwi an egmlaterai triangh 
t^uivalmtt to a given triangle. 

This is to construct an isoBoeles triangle irith a vertical angle 
equal to tvo-thirda of a rig^t angle, eqaivalent to the given 
triangle. 



Tiro sides of a triangle are I'S and 2*2 inches long respeo- 
tiveljr, and contain an angle of 75° ; oonstroot an equivalent 
equilateral triangle. 

227. PXOBI.EU 112. — To Uaect a friangle by a line dravm 
through a given point in one of iit tidet. 

If the given point P be the middle point of the side A B, Fig. 
176, the line joining this point with the oppceite angle is the 
required line; but, if not, 
let A be the extremity of 
A B, nearest to P ; bisect 
the side S C opposite to 
A in the point D ; from 
A draw A. £, parallel to 
P D; join P Ej then 
P E vrill be the required 
line bisecting the tri- 
angle ABO. 

Seaton. — If A D be 
joined, A B D is equal to 
ADO (Theor. 29), and, 
Fi«. in. therefore, A B D is half 

of A B ; but B P E is equal to A B D (Prob. 1(U) ; there- 
fore, P E bisects the triangle ABO. 

EXBROIBB. 

The sideB of an equilateral triangle are 2 inches long, bisect it 
by a line drawn through a point in a sido at \*r i&ch from one 
of its angles. 

228. FkoblsiC 113.— To Uteet a triangh by line* drawn /iwa 
any point within it. 



PBAOTIOAL PLANE QEOMETRT. 18S 

Method I. — With the given point P as b vertex, construct 
the triangle P D B, Fig. 180, equivaleot to the triangle A £ 
(Prob. lOS); bisect D E in P; join P A, P F. then P A and P P 
will be the required lines bisecting the triungle ABC. 

Reaeon. — P I) E being equivalent to A B C, and being bisected 
by P P, P D F is (he half 
of ABC; but PAB ia 
(Theor. 29) equal to PDB; 
tberefora, P A 6 F is 
equal to P D F, or to the 
halfof AfiC. 

Method II. — Bieeot 
B in the point G; 
through A draw A F pa- 
rallel to PG; join PA, 
PP. 

Seaaott. — By the oon- 
straction, A P F is made **• ""^ 

equal to A G P (Theor. 29) ; therefore, P A B F is equal to 
A B 6, that is, to half A B 0. 

EZERCiaE. 

Two sides of a triangle measure 2 inches anA i inches respec- 
tively, and contain a right angle; bisect the triangle by lines 
drawn from the middle point of the perpendicular, let foil from 
the right angle on the hypothenuse. 

229, Pbosleu 114. — Tobmet a triangiebr/ a lint dravm paral- 
lel to one of the dida. 

B C being the side of 
the triangle ABO, Fig. 
161, towhich the bisecting 
line is to lie parallel, bisect 
A B, one of the other 
sides, in the point D ; from 
A set off (Prob. 33) A E, 
a. mean proportional be- 
tween A B and A D ; then 
E F, drawn through E, 
parallel to B C, will bisect 
the triangle ABC. Fig. IBI. 

Reaton. — Since ABisto AEas AE to AD, therefore (Theor. 
32) the triangle A B ia to the similar triangle A E F as A B 
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is to A B, or u 2 : 1 ; therefore A B is doubla of A E F, c 
A B C ia biseotad by E F. 



Thendesuf a triaogleuel'S, I'd, and 1 '8 inchea respeotiTely ; 
biHeot it by a line parallel to tbe longest aide, uid meaanre tiia 
lengtliof tbe biMoting line. — Am. 1-Wl inche*. 

280. Fbobixm IIS. — Tobtxet a triaagU by a line drawn per- 
pendicular to (me nf tA« nda. 

B G, Fig. Iti3, being the aide to vbich the bisecting line is to 
be peipendioular, frmn A draw A D perpendicnlar to B C ; 
bisect B in E, and on 
B D, tbe krger of the seg- 
ments into which the bB«e 
IS divided by the perpen- 
pendicular, set off B F, a 
mean proportional b«tween 
B £ and B D ; then F 0, 
drawn througji F, perpen- 
dicular to B C, shall be tbe 
required bisecting line. 

Beaton. — Since BD is to 
BPaaBFtoBE, tbere- 
^' fore (Thoor. 32) the triangle 

BD AistothetriangleBFGaaBDtoBE; but (Tboor. 31) 
as B D iB to B E, BO ie tbe triangle BD A to the triangle B E A ; 
tberofore BDAistoBFOaaBDAfoBEA; therefon* 
B P G ia equal to B E A, or to the half of A B C, 



Bisect tbe triangle vfaose eides are 3 inches, 4 inches, and 5 
incbea, by a line perpendicular to tbe longest aide, and measure 
the lengtii of the bisecting line. — A^a. 2'12 incbes. 

231. Fboblku lie, — To divide a triangle into a given nm iber . 
of equal parti, bj/ linet dravm from a given point urithin it. 
. Uktbod I, — Divide B C, Fig. 1S3, into the given number of 
equal parts, and let B D be one of tbem; join AD ; IbenADP 
is equivalent to one of tbe required parts of Ibe triangle. Con- 
■Ixuct tbe triangle P B E equivalent to A B D, and having the 
given point P for it« vertex ; then P B E is one of the required 
parts of the triangle. Set <^ along B 0, produoed both ways, 
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If neoMauj, m many ports eqotJ to B E as th« number of 
parte into which the triangte is to be dirided ; from die divinoue 
beyond B draw parallels to P B to meet A B, aikd from ^e 



figina. 
divisions beyond C draw parallels to P C, as G H, to meet A C , 
join P F, P H, &c. ; then the triangle shall be divided as re- 
qnired. 

fleoeon.— The triangles P B E, P E F, P F G, ftc, are (Theor. 
29) all equal, and are therefore each equal to one of the re- 
quited parts of the triangle ; the triangte P H is equal to the 
triangle P G C; and, therefore, the quadrilateral P H P is 
equal lo the triangle P F 0, or to one of the required parts of 
he triangle. 



fig. IN. 

IiIethod II. — Constmet (Prob. 103) the triangle P D E, Fig. 
184, equivalent to A B C; divide D Binto the same number of 
equal parts as the number into which the givan triangle ABO 
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ia In be divided ; from the pointa of diTision beyond B and 
dnw ponllels to P B and P to meet A B and A 0; join P 
with A, and vith the poiuts thus determined on the sidea <tf the 
triangle, 
Btatm. — Exactly like tltat given For Uethod I. 



(1.) Two lidee of a triangle are 2 iacbsa and 2^ inches long 
respeotiTely, and contoin an angle of 60° ; divide the triangle 
into four equal parta, by linea drawn through the middle point 
of the shortest side. 

(S.) The equal aidea of an isoscelee triangle measure each 3 
indies, and the base meaaures 2 inches ; divide the triangle into 
five eqnal parts by linea drawn from the centre of the inscribed 

"833. PbobLBK in.— To make a iquare equivalent to a given 
triaitgh. 

Conatruot (Prob. 1 10) a right-angled iaoscelea triangle, E G F, 



Fig. 18S, equivalent to A D C, the half of the given triangle 
ABC; then E 0, shall be Qie side of the required square. 

Bm^on. — The square C O and triangle A BO are each of them 
double of the triangle E G F, and are therefore equivalent to 
one another. 



a equilateral triangle, each side 
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2S3. Fbobleu 118. — To emiirwt a paraXdogTOm t?iat»tuUi he 
equivalent to at/iam Mangit, and thall alto atumer other conditiont, 

ConHtmot a triangle which ehall be equiroltint to half the 
given triwigle, ftnd shall also answer the giTen conditions. The 
triangle thoe condtruoted will form one-half of the required 
parallelogram, which will be completed hj drawing pai«llslB to 
the ffldes of the triangle. 

EXXBOISES. 

The three rides of a triangle maaauro H inches, 2 inches, and 
2i inches respectively. 

(1.) Upon a line 1 inch long construct a rectangle equal to 
the triangle. 

(2.) Construct a rhombus eqnal to the triangle, and bavinf 
the length of one of its diagonals 1 J inches. 

(3.) Upon a line 2 inches long construct a thombus equal to 
tbe triangle. 

(4.) Conatmct a parallelogram equal to the triangle, having 
one of its sides 2 inches long, and one of its angles 60°. 



Fig.iee. 

234, PuOBLEM 119. — To anulriKt a triangle fquivalent to any 
rectiliTMil jlgvire. 

This is called redndug the figure to a triangle, and tbe 
simplest mode of performing tbe reduction is to select one of ths 
angular points of tiie figure for the vertex of the triangle, and 
the prolongataou of one of the ridea of the figure for the biise 
of the triangle. 

Let then the point A, Fig. 186, of the rectilineal figure 
ABCDEFObe assumed for the vertex of the triangle, and 
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the bide D E produced both ways for the base ; through G draw 
C H parallel to B D, and join B H ; through B draw B K 
parallel to A H, and join A K ; then A K will be one side of 
the triangle. Proceeding in like manner to eliminate the angular 
points F and G» the other side, A L, of the triangle wUl be 
determined. 

Reason, — The triangle B H D is (Theor. 29) made equal to 
the triangle BCD, and, therefore* the figure A B H £ F G is 
equivalent to the figui*e A B B E F G. Again, the triangle 
A E H is made equal to the triangle A B H, &nd A K E F G is 
equivalent to the figure A B H E F G, and thus the sidi^ 
A B, B C, C D have been replaced by the single side A K. In 
like manner, the sides E F, F G, G A are replaced by the single 
side A L, and the seven-sided figui-e ABGDEFGis reduced 
to the triangle A L K. 

From the various problems which have already been solved 
on the construction of equivalent triangles, there will be no 
difficulty in modifying this problem so as to place the vertex at 
a point in one of the sides, or in any other desired position. 

If the base L K be bisected in the point M, it is manifest that 
the line A M, which bisects the triangle A L K, will also bisect 
the figure A B C D E F G. Also the figure may be bisected by 
a line drawn from a given point in one 'of the sides, by construct- 
ing an equivalent triangle, with the given point for its vertex, 
and bisecting the triangle by a line drawn through this vertex. 
And, again, the figure may be bisected by lines drawn from any 
given point within it, by constructing an equivalent triangle, 
with its vertex at one of the angular points, or on one of the 
sides of the figure, and having the given point within it, since 
the lines drawn through the given point to bisect this triangle 
will also bisect the figure. 

235. Problem 120. — To construct a square equivalent to a givem 
rectilineal figure. 

Reduce the figure to a triangle, and construct a square equi- 
valent to the triangle. 

EXEBCISES. 

(1.) On aline 2 inches long, construct a regular hexagon; 
reduce it to a trisingle ; construct (1) an equivalent equilateral 
triangle ; (2) an equivalent square. 

(2.) Inscribe a regular octagon in a square whose side is 8 
inches ; oonstruct a square equal to the octagon. 
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Th« eide A B — 2 inchea. 

„ BO =1-7 „ 

„ D — 2'3 „ Dutgonal B D = 3 incbe*. 

„ DE=l-5 „ „ OB — S-S „ 

„ E P -= 2 
Bisect the polygon (I) by a line drawn through A; (!2)by liuei 
drawn trom P, the vertex of the eqniUterftl triangle described 
upon A B. StAte tiie lengths of the bieeoting lines ; slso the 
length of the aide A F ; the length of the diagonal A D ; and 
the magnitude of the angle E F A. 

236. Fbobi^BH 121. — Vfon a given itraight line to eonttmet a 
polygon aimilar and limiiarly ntttattd to a given pohfgon. 

Mbteod I. — D, Fig. IS"?, being the side of the given 
polygon corresponding to the side of the reqnired figure, which 



the given line A B is to form, divide the polygon into triangles 
by lines drawn from one extremity D of D to the other anim- 
lar points of tlie polygon. Make the angles B A F and A B F 
respectiTely equal to the angles D C E and ODE; then the 
third angle A F B will be equal to the third angle B D, and 
the triangle A F B will be equiangular, and therefore similar 
(Theor. 18] to tike triangle E D. Again, make the angles 
B F H and F B H reepeotiTely equal to D E O and EDO; 
then the figure A F H B will be similai and similarly situated 
to the figura C E Q D. 
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AeoMM. — ^Tha triangle* A F B and F H B being reepectivel^ 
rimilai and Bimilarly situated to the trianglesCED aadEQ-D, 
the angle A. F B is equal to the angle C £ D, and B F H to 
DEO; therefore the whole angle A F H is eqnal to the 
whole angle B G. In like manner, the angles A B H and 
C D G are equal. Also the angles at A and H are respectively 
«qnal to the angles at C and G ; and, therefore, the figures 
A F H B and C B G D are eqniangnlar. Again, since A F is 
toFBasOEtoED, andFBtoFH asEDtoEO; there- 
fore A F is to F H as C E to E O, and the sides about the equal 
angles A F H and C £ Q, are proportional. In Uke manner, the 
sides about the equal angleii A B H and C D G ore proportional ; 
also from the gimilaiity of the triangles, the sides about the angles 
at A and H are reepeotively proportional to the sides about the 
angles at and G. Hence the Bgmee AFHBandOEGB, 
being equiangular, and having their mdes about the eqnal pro* 
portionale, are (24) similar. 

Frooeedingin the same nuumer to add to the figure AF H B 
other triangle, similar and similarljr situated to the remaining 
triangle into whidi the given polygon C E O K D has been 
divided, a polygon vill be described on A B, similar and simi- 
larly situated to the given polygon. 

Mbthod II. — In tliis, as in Uethod I, tlie required poly^u is 
formed by building it up of triangles similar and sinulariy 
sitoated to those into which the given polygon is divided asbefore ; 
but instead of forming these triangles, by making them equi- 
angular, the sides about each 
of their angles are made pro- 
portional. Upon a straight 
line, Q B, Fig. 188, take Q B 
equal to C D, and Q 8 equal to 
A B ; from centre Q, with 
radii Q, B and Q S, describe 
ooncentrio arcs, B TJ and 
8 W ; in B U place the chords 
B T and B TJ, equal respec- 
tively to the sides E and 
D E of the triangle E D ; 
^- ^ join a B, a T, cutting the arc 

8 W in ¥ and W ; then the chords S V and S W will be the re- 
quired lengths for the sides A F, B F, of the triangle A F B. 

Beaton.— Q, B being equal to Q T, and Q S to ^ T, the sides 
<tf the triangles Q 8 T and Q B T about the common angle at Q 
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are proportionals; therefore (Eu. YI. 6), thes^ triangLes are 
siinilar, and QBistoBTasQSioyS. In like manner, 
QBistoBUasQStoSW. Hence, Q B, B T, and B U, 
being equal respectively to D, £, and D E, and Q S being 
equal to A B, if A F and B F be made jespeotively equal to 
S y and S W, the sides of the triangles A F B and £ D, 
about each of their angles, will be proportionals ; and, therefore 
(£u. YI. 5), these triangles will be equiangular and similar. 
In like manner, by setting off on the arc B U chords equal to 
the sides of the other triangles into which the given polygon is 
divided, chords upon the arc S IV wiU be determined equal to 
the required lengths of the sides of the triangles, whioh witt 
build up the similar and similarly situated figure on A B» 

EXEBCISES. 

(1.) The sides of a triangle being 2| inches, 3^ inches, and 5 
inches long respectively, describe a similar triangle, whose 
longest side shall be the side of an equilateral triangle de- 
scribed in a circle of 2 inches diameter. 

(2.) Construct a polygon, A B C D £ F G, from the followin|f 
conditions : — 

A B = 1*25 inches. A G = 1*6 inches. 

B C = 2-2 „ G F = 1-5 „ j 

C D = 2-2 „ F £ = 1-6 „ 

Diagonal A £ = 3*7 inches. 
A B C = 165° B A G = 110° 

BOD = 116° BAE = 70° 

On a Hne, 1*4 inches long, construct a polygon similar ip 
the above polygon, so that the given line may form the side cor- 
responding to D £. Give the measurements of D £ and C £!, 
and of the corresponding Hnes on the similar figure described 
on the given line. 

(3.) The sides A B, A 0, of a triangle are each 2 inches loi^g, 
and contain an angle of 30°. A square, A D £ C, is described 
on the side A G, and another square, B G F G, on the base B C ; 
and E F being joined, an irregular hej^agpn, A D £ F G B, is 
formed. Take a line 2 inches long to form the side correspond- 
ing to £ F, and construct upon it a similisir hexagon. Measure . 
the length of the diagonid D G, and of the corresponding 
diagonal in the similar hexagon. — 4^^* 4*2 inches ; 3*5 inches. 

237. Pboblem 122. — To construct a redilin^ Jigute which, 
ahcdl he nmilar to onet and equiwdent to another given rectilineal^ 
figure. 
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Bednoe (Frab. 119) half tha figure F, Fig. 189, to which tho 
Toqnired figure is to be edtnilar, to a triangle haTiiig ita base Id 
a. line with tme of ite aides A B, uid construct (I^b. 109] on 
A B an equivalant right-angl^ triangle ABC. Again, reduce 
half the figure O, to which the required figure is to be equal, to 
a triangle, and construct an equivalent right-angled triangle, 
C B D, on B 0; then will A B D be a atraight line, and the 
trionglea ABC, C B I), will hare the aame altitude as B C. 
Find B E, the mean prorortional between A B and B D ; on 
B E, OT on any line equal to B E. construct a figure uniilar 



nf-ist. 

and similarly situated to the given figure, so that fi E may 
correepond to A B ; theu the figure thus described will be the 
figure required. 

Anuon.— Because A B is toBEasBEtoBD; therefore 
(Theor. 32), as AB is to B D, so is the figure on A B to the simi-. 
lar and similaTly described figure on B E ; but aa A B is to B D, 
so also is ihe triangle A B C to the triangle C B D (Theor. 29) ; 
therefore, as the figure on A B is to the similar figure on B £, 
BO is the triangle A B C to the triiin!;Io C B D. Biit the triangle 
ABC waa road« equivalent to the figure on A B ; therefore, 
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also, the fipire on B E b equiTalent ta the triuigle C B D, that 
is, to the given fignie. 

EXXBCIBXS. 

(1.) Ckmstmct • regular hexagon equivalent to a square of 
2 inches side. 

(2.) The Bides of a triangle measure 4 inches, 3^ inches, and 
S^iockasreepectiTely; construotaneqiiiTaleuttrapQEoid, having 
the longest parallel side three times the length of the shorter, 
and the other side indined at angles of 43°. 

(3.) The sides of a trapezium measure 1 inches, 2 inches, 3 
inches, nnd i inches, and the angle between the two longest 
sides is 30^ ; oonstruot a regular octagon equivalent to the tra- 
pezium. 

(4.) Constnictaregularpentagon equaltothesame trapezium. 

(fi.) Construct a triangle equivalent Co an equilateral triangle 
of 3 inches side, and having two of its angles 75° and 4o° 
mspectivelf. 



nt.l*o. 

AdDITIOIV AKD SUBTKACnOH' OF Sdiilab Fioureb. 
238. Pboblem 123. — To con^ruct a figure which ikall It f</ui- 
vnltnt (1) to the (urn, (2) (o thf difftrence o/ tu» iimiiar and timi- 
iarly dtteribtd figttret. 
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(1.) Cunstruct the rigbt-aagled triangle B A C, Fig. 190, 
having its sides, A B, A C, equal to homologonH or coiresporid- 
iDg sides of the two given figures ; then shall the similar aod 
similarly described fignra oa the hypothenuse B be equi- 
valent to their sum. 

(2.) Construct the right-angled triangle B A C, Fig. 191, 
having its hypothenuse B C equal to a side of the lai^ecrt of the 
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two given figures, and A C, one of its sides, equal to the homo- 
logous or corresponding side of the amaller; then Bhall the 
similar and similarly described figure on the other side, A B, 
be equivalent to the difibrence of the two figures. 

Beaton. — The rectilineal figure described upon B C is (Theor. 
33) equal to the snm of the rectilineal figures similar and simi- 
larly described upon AB and AC; and, coasequentiy, the recti- 
lineal figure on A B is equal to the excess of the similar and edmi- 
larly described figure upon B C, over that described apoo. A C. 
Again, since circles are to another as the squaiee of their 
diameters (Theor. 34), and the square upon B C is equal to the' 
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sum of the squares upon AB and AO; therefore, the circle 
having B G for its diameter, is equal to the sum of the two 
circles haying A B and A G for their diameters. 

Lastly, the same relation will also hold good for semicircles, 
or any equal portions of circles, such as similar segmeuts oi 
similar sectors. 

Exercises. 

(] .) Gonstruct an equilateral triangle equiyalent to the sum of 
two equilateral triangles, one inscribed in a circle of 2 inches 
d.ameter and the other described on the diameter. 

(2.) Gonstruct an equilateral triangle equivalent to the differ- 
ence between the triangle just constructed and the equilateral 
triangle described about the circle. 

(3.) The angles of a triangle are 45°, 60°, and 75°, and the 
perpendicular from the largest angle upon the opposite side 
measures 1 inch; construct (1) a square equivalent to the 
squares described upon the two shortest sides of the triangle ; 
(2) a square equivalent to the difference between this square and 
that described on the largest side of the triangle. 

(4.) A square is inscribed in an equilateral tidangle whose sides 
are each 2^ inches long ; construct circles equivalent to the sum 
and difference of the circles described upon a side of the 
triangle, and a side of the inscribed square as diameters. 

Multiplication and Division of Figures. 

239. Problem 124. — To construct a similar figu/rt having a 
given ratio to a given figure. 

Take A G, Fig. 192, in the given ratio to A B, a side of the 
given figure ; find A D, a mean proportional between A B and 
AC; on A D describe a figure similar and similarly situated U 
the given figure on A B ; then the figure thus described shall 
have to the given figure the given ratio. 

.fiscMon..-— By the construction, ABis toADasADtoAG; 
therefore (Theor. 32), the figure on A B is, to the similar and 
similarly situated figure on A D as A B to A G, or the figure on 
A D has to the figure on A B the ratio of A G to A B, that is, 
the given ratio. 

Exercises. 

(1.) The equal sides of en isosceles triangle measuring each 
1 *S inches, and including an angle of 50° construct (1 ) a similar 

H 
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triangle three times as large; (2) a similar triangle of one-third 
the size. 
li.) A. regular hexagon being described about a circle of 1 ^ 
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iuchos diHmeter, construct (1) a regular hexagon of five timef 
the sisK ; (2) a regular hexa^n of one-fifth the size. 

(3.) A circle being inscribed in an equilateral triangle, each 
in.le of which measures 2 inches, c«ustruct (1) a circle to contain 
seven times the area, (2) a circle to contain one-seventh of the 



Numerical Representation of Areas. 

240. Hitherto figures have been constructed equal in area to 
other ^ures, but differing in form, or figuree idmilar in fbrm to 
others but difi'ering in area. By combiuing Uiese two classes of 
jiroblems, figures ma; readily be constructed, differing, in a 
given manner, both in form and area, &om other given figorea. 

The modes of determining the numerical representative of the 
area of a given figure, and of constructing a figure whose area ie 
given by its numerical representative, remain t» be considered. 

The inunber representing an area deperds upon the unit of 
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axeft amamed as tbe BtandaTd of comparison. The Btand&rds 
which are employod for this pnrpose vary with the BtandardH 
which are used for the unita of linear measurements, but are 
DniTerBolly the aqnares dsHcribed upon the linear units. Thus, 
the English units of length being the inch, the fbot, the yard, 
Ac, the units of area are the squares upon an inch, a foot, a 
yard, Ac ; the French ututs of area are the nquares upon the 
metre aad its multiples and gubmnltiplee ; and bo with other 
nations, if ve know the standard units of linear measure, 
the squares upon these units will be their units of surface 
measurement. 

241. To Jind the maiJitr npntt^itg tin area of a rectangle. 
Multiply together the numbers represeutiog the linear dimen- 
sions of two adjacent aides, Fig. 193. 

Beaton. — If we take a strip , 
of the rectangle one unit in 
breadth, this will contain as 
many sqoans upon a unit of 
length as there are units of 
length in the strip, or in one 
side, A B, of the rectangle ; 
and the entire rectangle will 
contain as many of these 
strips as there are units of 
length in the other side, A C, pig, igs, 

of the rectangle. 

242. Convertdy, tn eonttnut a rectangle of a given arta. 

It is only necessary tt> split into two factors the number 
representing tbe area, and construct tbe rectangles whose adja- 
cent sides contain the numbers of linear units represented by the 
footers; thus, the area of a rectangle being stated to be 12 square 
inches, the sides of the rectangle will be 12 inches and 1 inch, 
6 inches and 2 inches, or 4 inches and 3 inches, or b 
inches and 2} inches, or any two numbers of inches ^hose 
product is 12. 

243. pBOBisu 125. — To oonrirud a tguare to contain an urea 
rqiramUd by a givoi mtmericat quantity. 

{!,) If the given numerical quantity he a perfect sqHNMi 

eitlLer whole or fractional, ite square root will be a aide of the 

i«ijiiired square. If the given numerical quantity be not on 

h2 
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exact squBTe Dumbar. the aide of the required sqaare may be 
found in either of the two following modes. 

(2.) By taking two or more square numbers, the aum or 
difference of which shall be equal tc the given number, and 
applying Frob. 123 U> find the side of a square equivalent to 
such Bum or difference. 

(It.) By aplittingthe given number into &ctoTa, the product of 
which would therefore represent the sides of a rectangle having 
the given area ; the mean proportional between these lengtha 
would then be the side of the Btiuare required. 

The modes will be best illnstrated by a numorical example. 

To find the tide of the »juom who»e area ihall be tix incka. 

Method I.— 6 = 4+ 1 +1 = 2>+1"+1". Constructtherefore 
a right-angled triangle, having its sides, A B, A C, Fig. 194, 
1 inch and 2 inches long ; from B draw B J>, at right angles to 
B C, and make this also 1 inch long ; join D C ; then D C shall be 
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the side of the required BquBre : for the square on B is eqnal 
to the squares on B A; A C ; and the square on D is equal to 
the squares on B C, B D, and, therefore, to the squares on ii. B, 
A 0. and D C, which are 1 inch, 2 inches, and 1 inch. 
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MbthodIL — 6 = V— 4=(S')~{i')-Co««tructtliOTeforeft 
right-angled triangle, hBving its side, D B, Fig. 193, i inch long, 
and its hypotlienuee, B 0, 2^ inches long ; then will D be the 



side of the squai'e required ; for the square on D C is tbe differ 
enoe of the squares on B and D B. 

Uethod m.— !^ ^3x2: thn problem, therefore, resolveB 
itself into constructing a equarti equivalent to the rectangle 
vhose sides are 3 inches and 2 indies lespectively. Upon a, line, 
A C, Fig. 196, 3 inolies long, describe a semicircle ; set off C B , 
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equal to 2 inches ; draw B D perpendicular to A C, and jnin 
D C ; then D C shall be the side of the required square, for 
D C is a mean proportional (Prob. 33) between A C and C B : 
hence the square upon D C will be equal to the rectangle 
A C, C B. ^ , 

244. The length of the line D C is represented by V6, ^ surd 



15Q PRACTICAL PLANE OEOlfETBY. 

quantity. Hence, by this problem, we are enabled to oonstmct 
a line the length of which is a surd or irrational quantity, that 
is, a length which cannot be expressed by any number of units 
or parts of a unit, no matter how small such parts may be taken. 

A rectangle is diyided by its diagonal into two equal right- 
angled triangles. Hence, the area of a right-angled triangle is 
half the product of the two sides containing the right angle ; 
and, conversely, a right-angled triangle of given area will be 
constructed by making the length of the sides such that their 
product amounts to twice the number representing the area. 

Any rectilineal figure whatever can be reduced to a rectangle, 
or to a right-angled triangle, by the methods given in this 
chapter ; and, hence, the area of any such fig^ure can be found. 

Again, a figure can be made of any rectilineal form equivalent 
to a right-angled triangle, or to a rectangle ; and, hence, a rec- 
tilineal fig^ure can be constructed of any form, so as to contain 
a given area. 

EXEBCISES. 

(1.) Construct squares whose areas shall be 7 square inches, 
11 square inches, and 13 square inches. 

(2.) Draw lines whose lengths shall be \/2 inches, \/3 inches, 
and s/b inches. 

(3.) Construct a rectangle whose sides shall be in the ratio 
of 8 to 5, and wiiose area shall be 10 square inches. 

(4.) Construct an equilateral triangle whose area shall be 6 
square inches. 

(5.) Construct a regular pentagon whose area Bhall be 8 square 
inches. 

(6.) About a circle, 1^ inches in diameter, describe a triangle 
whose angles shall be 55^, 60^ and 65^, and describe a similar 
triangle, the area of which shall measure 4 square inches. 

(7.) Three sides, A B, B C, C D, of a quadrilateral, measure 
respectively 2 inches, 1*3 inches, and 1*3 inches, and the dia- 
gonals A C and B D measure each 2 inches. Measure the length 
of the other side, A D, and the area of the figure. — An%, 1 *08 
inches and 1*87 sq. in. 

(8.) Construct a quadrilateral similar to that described in 
example 7, to contain 5 square inches. 

246. Problem 126.— O'tvcw ihe area of a rectangle, and the sum 
of the UdeSy to construct the rectangle. 
Determine the side A C, Fig. 197, of the square to contain the 
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giren &rea ; draw A B at right angles to A C, and make it equal to 

thegiven anmof two adjaoont rides of the rectangle; on A B, &a 

diameter, describe a semicircle ; through C draw C D E, parallel 

to A B ; cutting the semi- . 

circle In the points D and 

E ; from D or E draw a 

pei-pendicular to A B, 

meeting it in It; then 

A M, M B, will be the 

sides of the required reot- 

angla. 

Beaton. — UDisameon 
pi oporuonal(Frob. 33) be- 
tween A U and U B; 
therefore, the rectangle 
A M, M B is equal to the *^«- '" 

equaie on H D, that is, to the square ou A C. 

246. Problem 127. — Oiven the area of a nctaiigk, and the 
difftrtnix of the adjacettt tide*, to oiiwfruei the reelangle. 

Describe a circle whose diameter is equal to the given differ- 
ence of the uidea of the rectangle ; di'aw a line C M touching the 
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rarclc in any point C, Fig. 196, and make CM equal to the sido 
of the square which contains the given area ; through M and 
O, the centre of the circle, draw iSf B, cutting the circumfe- 
reace in A and B ; then U A and M B will be the sidee of the 
required rectangle. 
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Beaton* — The diflferenoe between M B and M A is the diameter 
A B, which was made equal to the giyen difference, and the 
rectangle, MA, MB, is equal (Theor. 24) to the square on 
M G, that is, to the given area. 

247. The two preceding problems furnish geometrical solu* 
tions of quadratic equations. 

Problem 126 giyes the solution of the equation 

a^ — aaj-+" 5*=:0. 

For this equation may be resolyed into 

as (a — «) = J*. 

Making, therefore, A B equal to a, and A equal to 5, A M 
and M B are the yalues of x, or the roots of the equation. 

When h exceeds - , A exceeds the radius of the semicircle; 

D, therefore, will not cut the semicircle, and there is no real 
solution of the equation. 

By changing x into — x the equation ix^ — ax -\- 6* = Ois 
transformed into as' + a jc -|- 6' = 0. The roots of the latter 
equation are to be constructed in the same manner as the roots 
of the former equation, and will only differ from them by the 
prefix of the negative sign. Thus, the roots of the equation, 
a^ — 5^ + 6 =: 0, will be found to be 2 and 3, and the roots of 
the equation a' -f 5a? + 6 = are therefore — 2 and — 3. 

Problem 127 gives the solution of the equation 

0^ ±:ax — 6* = 0. 
For this equation may be resolved into 

05 (a; j: a) = 6*. 

Making, therefore, A B equal to a, and C M equal to 5, M A 
and M B are the values of x and a; -)- a, or M B and 
M A are the values of x and x — a. Also, since by chang- 
ing X into — 05, the equation a^ + aas — J' = Ois transformed 
into the equation a^ — ax — 6' = 0, and vice verm. — MB 
is a value of x in the first of these equations, and — ^ M A is a 
value of a; in the second. Thus, M A and — MB are the roota 
of the equation 7? '\' ax — &' = 0, and M B and ^ M A are 
the roots of the equation 9? — ax^W = 0. 

Exercises. 

(1.) Construct a rectangle such that its area shall be 5 square 
iuches, and the sum of its two adjacent sides 5 linear inches. 
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(2.) Couslract a rectangte Buck that ita area shall be 2 square 
inches, and the diffeience of ite adjaoeut sides 1^ linMr inches. 
(3.) Solve geometrically the ibllowing equations ;-^ 
[a.) ar" — 5x + 2 = 0. 
(i.) 4ic» + 5r + 1 = 0. 
(e.) a^ + 33: — 3 = 0. 
(rf.) ftc' — 7*— 1 =0. 
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248, The difference in the character of the instruments em- 
ployed for laying down lines upon a large scale upon the ground, 
from that of the instruments used in the chamber for construc- 
tions upon paper, necessitates also some variation in the mode 
of applying the invariable principles of geometry to the solution 
of the same problems in the two cases. 

The straight-edge, scale, and compass used by the draughts- 
man are replaced for constniotionB on the ground by the measur- 
ing tape or chain and ranging rods, and the protractor by the 
prismatic compass, box sextant, or theodolite. 

A line on the ground is marked by ajiy two conspicuous 
objects on it. Lines may be laid out of any length by ranging 
rode placed at convenient distances. Lines of less length than a 
chain may be marked by pegs, or, temporarily, for the purposes 
of geometrical construc- 
tion, by the arrows sup- 
plied with the chain. 

249. Problem 128.— ro 
bUe^ the angle between ttvo 
straight linea on the ground. 

From the angular point 
A, Fig. 199, measure and 
mark off at D and E, equal 
distances A D and A E, 
on the lines A Band AC; 
measure the distance from 

D to G, and mark at F the middle point between D and E ; 
then the line A F will bisect the angle B A 0. 
Ha 
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Beaton. — The farianglea A D P and A £ F will have Uieir 
Bides equal, each to each, and will, therefore, be equal in all 

respects. 

250. Fkoblxu 129, — From a givm jtntiU upon a given tine 
mark^ on tht grou/nd, to Kt off a perpendicidar to thia line. 

Uethod I. — From the given point P, Fig. 200, set off on 
each side of it, apon the given line, the equal distances P A 
and P B ; find the middle point of a long light cord b j doubling 



it ; then fixing the ends of the cord at A and B, take the middle 
point and retreat with it from the line, until, at the point C, the 
two parts of the line are stretched with an equal tension ; than 
the line P C will be the perpendicular required. 

Or loop the rings at t'je ende of the chain over two of the 
arrows planted at the points A and B, and the end of the fiftieth 
link, or middle of the chain, will mark the point C as before, 
the chain being evenly stretched. 

Beat(m. — The two sides O A and C B being equal, the angles 
GAB and C B A are equal (Theor. 4], and the sides P A and 
P B being also equal, the triangles CAP and C B P are equal 
in all respects. Hence the adjacent angles A P C and B P C 
being equal, P (17) ia perpendicular to A B. 

Method II. — Fix the first link of the chain at P by looping 
the ring over one of the arrows ; proceed along the given line 
a distance of 30 links to the point A, and planting there a second 
tirow, pass over it the ninetieth link ; then, taking the fortieth 
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link, and retreating with it to C, until the ohoin is evenly 
stretched, P will be the required peipendioalar. 

RtMon. — See Problem 4, Method II. 

METHOD III. — Loop the ends of the chain, or of a long cord, 
over BTi'DWB or pegs planted, one at the given point P and 
another at any convenient point E , upon the given line ; take 
the middle point of the cord or chain, and retreating with it 
until, when hold at D, the cord or chain is evenly stretched, Sx 
it there on a peg or arrow. Returning nowto the point P, take 
up the end of the chain and proceed with it to the point F i^ 
the same straight line with D and E ; then, if the cord or chain 
be again stretched, D P will be equal to D P or D E. and P F 
will be the petpendicnlar required. 

Beaton. — D P, D E and D F being equal to each other, D 
is the centre and E P the diameter of the circle passing through 
E, P, and F, and the angle E F F, being the angle in a sem' 
cii'cle, is (Theor. 14) a right angle. 

Check. — H and K being any two points on A B, equally dis- 
tant from P, set out the lines G H and Q K from any point 
in the perpendicular; then should G H and G K be equal to 
one another ; and if A C and B C be produced to meet G H and 
G K the produced parte will be equal, and the points of intersec- 
tion will be at equal distances from G. 



251. Problbu 130. — To draw a ptrpendicular to a ytfni Wne 
upon tkt ground /mm a g'ven point ujithoat tJit line. 
Measure the oblique distance, P B, Fig. 201, from the given 
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point F to a point taken on the line ; fix one end of the duun 
at B; cairy the other end along the given line to C, and the 
middle point along the line B P to D, until the chain is evenly 
stretched. Now measure the distanoea B and B P, and find 
B E &om. tlie proportion 

1 chain : B P : : B : 6 E ; 
and the distanoe B E, measured from B to E, will give the foot 
uf the perpendicular. 

Beaxm. — If the point F be taken on the line B P at the 
distance of one chain fram B, the distances D B, D G, and 
D E, are equal to each other, and C F ia perpendicular to A B. 
Again, tlie sides about the common angle B of the triangles 
F B C and P B E being proportional, the triangles are eqoi- 
angular (Eu. vi. 6) ; the angle B E P is equal to the right angle 
B C F, and P E ia perpendicular to the given line A B. 

252. pAOBLEV 131. — From a given point upon a givtn litte on 
thegrvund, to lay off on angle ^uai to a given angle alreadt/ laid 
dourn on the ground. 

Ueihod I. — Measure any convenient distance, A F, Fig. 
202, as one chain, from the 
angular point A, along one of 
the Bides A B of the given 
angle ; at F, set off a perpen- 
dicular F 0, to intersect the 
other side of the angle in the 
point 0-, and measure F O 
and G A, Now, from the 
given point D, meaenre along 
the given line a distance, D £, 
equal to A F; from E set 
off a perpendicular, E H, to 
the line D £, and make E H 
equal to F Q ; then, if the 
work has been accui-ataly per- 
formed, the distance D H will 
be eqnal to the distance A O, 
and the angle E D H will be 
' equal tA the given angle 
^■** BAG. 

Method n. — Fix the first link of the chain at the point A, 
Fig, 203, and the last link at any convenient point F, upon 
A B, one of the sides of the given angle B A G, so that the 
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titam may be sntBoiently ulaok ;* proceed along the line A C, 
oairying forward the ch&in, until, on arriving at the point G, 
the ohiun is evenly stretched in the potdtion A Q F, and mark 
the link at Q-. Now take up the chain, and having meaemred 
npon the given line the distance D E, from the given point D, 
equal to the distance A F, fix again the flnt link of die chain 
at the point D, and the last at the point E ; take the marked 
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link and retreat villi it from the line, until at the point H ihe 
chain is again evenly stretched ; and the angle E I) H will be 
equal to the given angle B A 0. 

Seaion. — In both methods, the triangles A F G and D E H 
are made equal in all respects. 

253. Pboblkm 132. — from a given point upon a givat line on 
the ground, to lay off an anjrie of tvkich the mecuuT^nent ta given 
in degrta and miimtel. 

CABEl."IftheaDgledo not exceed 45°, meaeureachain'alengtli 
from the given point A, Fig. 204, along the given line A B to B, 
and at B eet off a perpendicular, B C ; take the tabular value of 
the trigonometrical tangent of the given angle from a table of 
natural tangents, and reckoning tbe two first digits on the left 
hand as a number of links, end the other digits as a decimal of 
a link, set off this distance on the line B C fr«m B to C ; then 
the angle BAG will be the angle required. 

• Pot ugln betwMn 40° sod 90°, ft bftir-chtln will be ftmnd > hit Rood dii- 
tauce ; (tor uigltt Ihi thu 40°, a gnutc. iUbUhw shoulil be tuken : mod ftoi 
uutrlei gnMer than B0° a leoi dLitaiuw ahcmld be tAksn. 



158 PRACTICAL PIANS aHOUKTST, 

Ca.be II, — If the given angle be greater than 45°, lay off first 
from the given point A (Fig, 205), a line A D, at right angles 
to the given line, and then set off the angle D A C, equal to the 
complemitDt of the given angle. 



Check. — The tabnlar number repreaenting the natural aecant 
t>t the angle B A C or D A C. multiplied by 100, will give the 
lumber of linka in the dis- 
tance A C. 

EXAJAFLE. — To aa off an 
angle of 36° 30'. 

The natural tangent of 36° 

30" is found from the tables to 

be -laSBe, and multiplying 

this by 100, or taking the two 

figures on the left hand as 

integers, gives 73-996, or as 

nearly as can be measured, 

74, for the number of linka in 

the perpendicular BC. Again, 

the natural secant of 36° 30' 

s found from the tables to be 

1-2440, and this multiplied 

r 100 gives 124'4, or 124^ 

very nearly, for the number 

^'e- *» of links in A C. 

It is evident that this process may be inverted to measure an 

Angle already laid down on the ground. Thus, having measored 
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Bobain'tlengtli orlOO links, from the wgulat point A, Fig. 304. 
along one side, A B, of the given angle, Mt off a perpendioular to 
A B, to meet the other aide of the angle at 0, and measure B C 
and A ; then, finding in the tables of tangents and secants 
the Qumbera most nearly agreeing with the links in B C and 
A C respectiTaly, the corresponding namber of degrees viU be 
the measure of the given angle. 

A meattnriug tape may be used in lieu of the chain, A B being 
mode 100 feet, and the distances B and A C being measured 
in feet ; and the problem will be solved with equal facility. 

Making A B an exact ohain'e length of 100 links, or on exact 
distance of 100 feet, enables the operator at once to take the 
number of links in B C and A C from the tables of tangents 
and secants. A B may, however, be of any length ; but then 
the correqioDding values of B C and A will be respectively 
the products of ttiis length multiplied by the natural tangent 
and by the natural secant of the angle B A 0. 

264. Pbobleu 133, — Fmm a given point on tlit yround to iH 
tmt a line parallti to a _ 

given glraight line. 

Method I. — Through 
the given point P, Fig. 
206, and any convenient 
point A, on the given 
line, set out the line A P; 
from any point C, on 
A P, set ont a second 
line CB, toanotherpoint 
B on the given line ; 
measure the distances, 
C P, C A, and B ; find 
the length C D ftt)m the 
proportion 
OA:CP::CB:CI>; 
then will the line P D be 
the required parallel. 

nmson. — The line P D 
is made to cut the sides 

of the triangle CAB ^^- **' 

proportionally, and therefore (Theor. 15) P D is parallel to A B. 

If the point C be taken at the middle of the line P A, then 
wHl C D be equal to C fi. 
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Mbthod n.~~Set out a line from tli« given point P, Fig. 
207, to any convenient |Kiint A on tho given line A B ; measure 
t^TU A, a distance A C, on the line A P, and at set off the 
perpendiouloT C S to meet the line A B at D. Again, Irom P 



mcnsure on the line P A the difltance P E, equal to the distance 
A C, and at E set off the perpendicular E F, and make £ F 
equal to D ; then the line P F will be patoUel to the given 

Btaaott. — The angle F P E is b; this construction made equal 
to the alternate angle CAD, and, therefore (Theor. 8) the 
linJB A B and P F are parallel. 

Check. — Ueasure the length of C O, the production of D 
to the line P F, then the following proportion should hold good : 
PE:EF::PC:CQ. 

Again, produce F £ to meet the given line A B at B ; then, 
should E B be equal to C G. 

255. PsOBLEH 134. — To set out a line on tht ground thai ihall 
patt thnrugh a givea inaca»*ibk point, arid be paToiid to a given 
etraigkt line. 

Set up a rod at any convenient point, D, Pig. 208, andanotfaer 
at E, ill the same line with P and D ; and also set up a rod at a 
point A upon the given line, and another at C in the same line 
with A and P. Through A, set out A F, parallel to D E (Prob. 
133), and through any point F, in this line, set oat B E, parallel 
to A C, intersecting A B and D E in the points B and E. Now 
measure F B, and set off from E, upon tlie line E B, the dis- 
tance E equal to F B. Then will be a point on the parallel 
to A B, passing through P, which can therefore be set out bj 
fixing rods in the same line with P and O. 
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£ecuott. — Bjr the aonBtractaon, P F is a paraUelogrom, and 
therefore (Theor. 11] the opposite sides P E and A F are equal ; 
also £ G ie by conBtruotion made equal to F B ; and A F and 
D E being parallel, the exterior angle A F fi ia (Theor. 9) 



l%.«& 

equal to the interior and opposite angle F E ; therefore 
{Theor. 1), the triangles F E O and A F B are equal in uU 
respects. Henoe the angle EOF being equal to the interior 
and opposite angle F B A, P G is (Theor. 9) parallel to A B. 

2M. Problem 133. — To »et out on t?ie ground a line parallel to 
a given etraight line, and at a given dittance/rom it. 

From any convenient point A, Fig. 209, on Cbe given line 
A B, set off A C perpendicular to A B, and equal to the giTen 



distance. To check the work, fix a rod at c, the middle point 
of A 0, and, A a, A A, and C d, being taken equal to each other, 
at, be, and c d will be equal to each other, and b, c, and d will 
be in the same straight line. Again, from a second convenient 
point B, on the line A B, set off the perpendicular B D equal 
to the given distance, and teat it in the stme manner by mark- 
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tug its middle poiat« and setting off B/, B g, find I) A, all equal 
to each other. Then the line joining C and D ehall be the 
purallel required, 

257. Problem 136. — To mecuun a lint which pauei thmvgh 
gome obitmctton, at a »h«et of water, a elump af lirea, or a build- 
ing, thr two tndi of the line being aeceuihU, 

Method I. — Measure a distance from one end A, Fig. 210, 
of the line, to a point C, from which a stcaight lino can be run 



to tlie other end B of the line ; leave a. mark at B, and tneaeure 
on the produotion oF A C the distanue C E, equal to A C. Now 
laeaeiire from B to C, and continue on in the same straight line 
to D, imtil C D is equal to C B. Lastly, meaaure D B, which will 
be equal to the required distance. 

ifMWon.— The triangles A C B and D C B are by the con- 
struction made equal in all respects. 

Mbtbod H. — ^Vhen thore is an nhntruction which rvnderx it 



reACnOU. PLANK OEOmTRT. lOS 

Case 1. — Gontinae A to E ; meMnre A C, E, andCB- 
oampate D from the proportion 

AC:CE::BO:CD. 
Contiirae B C to D, makiog D equal to the oompuled di«- 
touce. Again, compute D F from the proportion 

DC : CB :: DE : DF; 
aud D F wiU be equal to A B. 

Casb 2. — Meaaure a coDTenient distance D, back froro C 
towards A ; compute C E from the proportion 
CA : CD :: CB L CE; 
sM off the computed distance C E from upon C B. Then 
compute D F teoai ibe proportion 

CD : CA :: DE : DF; 
and D F will be equal to A B. 

Neither the line D F nor any portion of it should be set out 
on the ground ; but it is introduced in the figure to represent 
the result to the eye. 

Method IU. — Continue C B, Fig. 212. on to D, mnking 
B D equal to B C ; at D make the angle B D E equal to the 



nngle A C B (Frob. 131], and set off B E equal to A ; then will 
B E be equal to the required distance, A B. 

Seaiim. — B D, D E, being made equal to B C, C A, and th< 
angle B D K b> the angle A C B. the triangle 6 D E is equal 



(Theor. 1) to the trian^e A C B in all reapeota, and tlie base 
B E ia equal to the base A B. 

298. PsoBLKH 137. — To meature a di^nce from one point, 
which i» aaxttiblt, to another point, which can be teen, but it t'noc- 
feuihle. 

Ubthod I. — A, Fig. 213, being the accessible point, and B 
the inaoceasible, mark any oonvenit>nt point C, in the same 
_ ntraight linewith AandB.and, 
■etting out the lines C D and 
A F, intersecting in E, make 
the distance E D equal to E C, 
and E F equal to A E. Then, 
setting out the line D F Q 
through the points D and F, 
find upon this line the point O 
ho same straight line vith E 
B. and, measuring the dia- 
tnnce F Q, this \till be equal 
to the distance A B. 

'■eaton. — By the construc- 
tion, D G is made pnraJlel to 
A C (Prob. 133). Hence the 
angles £ F O and E O F are 
(Theor. ft) reepectiToly equal to 
the angles E A B and E B A; 
and the side E F has been made 
equal to the side E A ; therefore 
(Theor. 3), the triangles E F G 
and E A B are equal in all re- 
us ns. spects ; and F O is equal lo A B. 
Uethod II. — Mark a point C, Fig. 214, in the seme line 
with A aud B, as before, and settiisg out the lines C F and A F, 
intersecting in F, mark upon these lines the points E and G, 
so that 

CF:FE::AF:Fa. 
Then setting out the line E D. through the points E and O, 
find upon this Une the point B in the same straight line with F 
Hiid B ; and measuring the distance G D, the required distance, 
A B, will be given by the proportion 

FG:FAl:GD;AB. 
Roaton. — The line E D is, by the construction, made parallel 
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to C B (Tbeor. Ifi), Hence (Theor. 9), the angles P G D and 
F D Q are oqual to tlie interior and opposite angles FAB and 
PEA; the triangles F D and FAB, are therefore ©qwi- 
angular, and (Theor. 16) haTeUteir udes about the equal sngles 
proportional. 

Note. — If the point A be inaccessible as well as B, still, if the 
line A B can be sighted, and its production marked out, these 



methods will determine the distance of each of them from wy 
assumed point upon the line thus produced, and, tlierefore, also 
the distance from A to B. 

359. Frobi-ek 138. — To meaturt tht dittance Mtoesn ttoopointt 
A aud B, vihen no part of the lint A £ is aaxiribU, lo that tht line 
A B cannot bt lig/Urd. 

Set out a line, D, Pig. 21d, to pass through the point A, 
aud a. line E F (Prob. 134) parallel to C D, t« pass through 
the point B. Set out a line from any convenient point C, on 
A G D, to a point E, upon the line B E F, and eet up a rod at 
its middle point G. Find the point D upon A C B in the same 
straight line with Q and B, and the point F upon B E F in the 
same straight line with A and G. Now measure the distance 
from D to F, and this shall be equal to the required distanoe 
tiom A to B. 



16b PHAtmCU. FUME OEOUETST. 

Seatoa. — ^A B hrang parallel to B F, the anglee O C D and 
O D C are (Theor. 6] leKpectiTely equal to the angles G E B 
and 0- B E ; and by ooiutractioii. 6 C ia equal to Q B ; and. 



therefore (Theor. 3), C D is equal to B E. In like manner, 
E F is equal to A C. Hence, A D is equal to B F; and, since it 
is also parallel to it, D F is (Theor. 10] equal and parallel to A B. 
JPrfe. — The diBtancea A C and A G, being equal to the dia- 
tanCBB F E and F G, are to be measured ; and thns the exMt 
position of A will be determined; ami the exact position of B 
can be determined in like n 
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Acute angle defined, 16. 

Acute-angled triangle defined, 29. 

Angle, rectilineal, defined, IS ; bisected, 
71, 82, 249; constructed of given 
magnitude 78, 252, 258 ; right, de- 
fined, 14 ; oblique, acute, and obtuse, 
defined, 16; of a rectilineal figure 
defined, 20 ; of a segment defined, 47 ; 
in a s^ment defined, 48. 

Arc of a circle defined, 46 ; described 
through three fAyea points, 177; 
continued to any desired extent, 178 ; 
described to touch two giren. straight 
lines, 181 ; to touch a given straight 
line and pass through a given point, 
182. 

Bisection of a rectilineal angle, 71, 82, 
249 : of a straight line, 72 ; of a tri- 
angle, 227—290; of a rectilineal 
figure, 284. 

Centre of a circle defined, SB ; found, 
140. 

Chord of circle defined, 42. 

Circle defined, 37 ; centre of^ S8, 140 ; 
circumference alt 89 ; radius o^ 40 ; 
diameter of, 41, 189: chord of, 42: 
segm^it of, 44 ; arc oi^ 45 ; described 
about a rectiUneal figure, 64, 197, 
901, 209; inscribed in a rectilineal 
figure, 56, 196, 200, 209; drawn 
through three given points, 141; 
drawn through a given point to 
touch a given line. 149, 160, 162, 164; 
drawn to touch two given lines, 161, 
158 ; drawn from a given centre to 
touch a given circle, 156 ; drawn with 
givffli radius to touch a given circle, 
1£6; drawn to pass tiorough two 

fiven points and touch a given circle, 
67, ISd ; drawn to touch a given line 
and a given circle, 159—162 ; drawn 
to touch cwu given circles, 168-166 ; 
drawn to ttmch three given lines, 167 ; 
drawn to touch three equal circles, 
168; drawn to touch two given lines 
ana a given oiicle, 169; drawn to 
approximate to the form of any cur- 



vilinear figure, 171; to form an 
oval, 172; completed when a seg^ 
ment is given, 176; inscribed in a 
sector, 211 ; three equal cirdea in* 
seribea in, 212. 

Ciroumfbrence of circle defined, 38. 

Comparative scales, 126. 

Complement defined, 18. 

Construction of triangles, 70, 86—92, 
96, 186—188, 220-226; of squares, 
93, 282, 243 ; of regular polygons, 96— 
99, 202—206 ; of trapesoids, 100 ; of 
any rectilineal figure. 101 ; of scales, 
118 ; of equivalent figures, 220-285, 
287; of similar figures, 286. 287 ; ofa 
quadratic equation, 247 ; of problems 
on the ground, 248—269. 

Curved surikoes, 5 ; lines, 6, 10. 

Decagon inscribed in a circle, 202. 

Diagonal scales, 122. 

Diameter ofa circle defined, 41 ; drawn, 

189. 
Distance, inaccessible, measured, 857— 

269. 
Divisions of lines into equal parts, 72; 

110-112. 
Dodecagon inscribed in a drole, 306. 

Edges, straight, 7, 10. 

Equal figures defined, 22. 

Equilateral triangle defined, 26 ; equi- 
valent to a given triangle constructed, 
22G. 

Equivalent figures defined, 23 ; con- 
structed, 220-285, 287. 

Exercises on drawing lines, 58; on 
chapter ii., 102; on simply divided 
scales, 121 ; on diagonal scales, 128 ; 
on comparative scales, 129 ; on chap- 
ter iii., 182. 

Figures defined, 20 ; sides of; defined, 
20 ; angles o^ defined, 20 ; rectilineal, 
defined^ 21 ; equal, defined, 22 ; equi- 
valenl^ defined, 28; oonstruoted, 220 
—285, 287 ; similar, defined, 24 ; con- 
structed, 2S6; 237 ; added and sub- 
tracted, 288; multiplied and diYided, 
289. 
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Flat aurikeeB defined, 11. 
Graphic notation, 66. 

Hexagon, regular, oonstmcted on a 
given base, 97 ; inscribed in a tri- 
angle, 192; inaoribed in a Giide, 204. 

HypothenuBc defined, 28. 

Instrmnents, 67. 

IsoaoeleB triangle defined, 27 ; having 
ea^ of the angles at the baae double 
of the third anffle, oonatmoted, 96 ; 
of given altituae, egnivalent to a 
given triangle, oonstroeted, 221 \ on 
a given baae, equivalent to a given 
tnangle, constructed, 222; with 
given aides, equivalent to a given 
mangle, constructed, 22S ; with given 
angles, equivalent to a given tri- 
angle, ccnustructed, 226. 

Line d^ned, 8 ; straight or curved, 
6; straight, defined, 8; bisected, 72; 
rev(dutiono^l2; produced until the 
rectangle under the whole and the 
part produced is equal to the square 
on the original line, 94: divided 
similarly to a given divided line, 106; 
triaecteo. 111; divided into equal 
parts, 112 ; the length of which is a 
scQ^ or irrational quantity, con- 
structed, 244. 

lines, two straight, cannot ixudose a 
space, 9 ; two curved, may be made 
to inclose a apace, 10; in the aame 
straight line, 16; at right-anjgles, 
defined, 17 ; drawn, 78— 76 : oblique, 
defined, 18; parallel, defined, 19; 
drawn, 80. 81 ; drawn through given 
pcrints to intersect in the same point, 
109 ; at right angles, set off on the 
ground, 260, 261 ; parallel, set off on 
the ground, 264—266. 

Mean proportional between two 
straight Imes found, 107. 

Measurement of areas, 240—244 ; of a 
line which passes through an ob- 
stenction on the ground. 267 ; of the 
distance from an aoceaaible to an in- 
accessible point on the ground, 268 ; 
of the distance between two points 
on an inaccessible line on the 
ground, 269. 

Notation, graphic, 66. 

Oblique angle defined, 16 ; angled tri- 
angle defined, 29. 

Obtiue angle, see Oblique angle. 

Octagon, regular, constructed on a 
given base, 96; inscribed in a aquare, 
196. 

Parallel atraight lines defined, 19; 
drawn, 80, 81 ; set off on the ground, 
264— S66. 
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ParaHelognun defined, 81 : equivalent 

to a mangle oonstrnoted, 2^. 
Pentagon, regular, constrooted on a 

given base, 96 ; inscribed in a eizde, 

206. 
Plane snrfiEUW defined. 11. 
Point defined, 4; ibund on a line 

equally distant firom two given points, 

86. 
Polygon, regular, oonstmctecL 96— W: 

inttnibed in a drde^ 207 ; desoribea 

about a oirde, 206. 
Proportional, Ijiird, to two straight 

lines found, 106; mean between two 

straight lines fbund, 107. 
Protractor oonstrnoted, 79. 

Quadrilateral defined, 80. 
Quindeoagon inscribed in a drele, 206. 

Badius of circle defined, 40. 

Bectangle defined, 82 ; area o^ numeri- 
cally represented, 241; having its 
area and the sum of its sides given, 
constructed, 246; having its area 
and the difference of its sides given, 
constructed, 246. 

Rectilineal angle defined, 18. 

Rectilineal figures defined, 14: in- 
scribed in rectilineal flgurea, defini- 
tion ol 62; deacribed about recti- 
lineal n^paxen, definition o^ 68 : in- 
scribed in circles^ definition o^ 64 ; 
described about circles, definition of, 
66; inscribed ia rectilineal figures, 
construction of, 188 — 198 ; inscribed 
in circles, construotioa ol^ 194, 198, 
204—207; described about drdes, 
construction ot 196, 199, 206; re- 
duced to trianglea, 284 ; reduced to 
8quares,2S6. 

Regular polygona constmoted. 90— 99 : 
inscribed in circles, 207; described 
about circles, 206. 

Revolution, complete, of a line, defined, 
12; how divided, 14. 

Rhombus defined, 84. 

Right angle defined, 14 ; its accuracy 
tested,7e. 

Right-angled triangle defined, 82. 

Scales, construction of simply divided, 
118—121 : of diagonal, 122—126 ; of 
comparative, 126—181. 

Sector defined, 49 ; circle inscribed in 
a, 211. 

S^jment of eirde defined, 44 ; base of^ 
46 ; angle o/, 47 ; angle tn, 48 ; circle 
completed, 176 ; aegmeat to contain 
a given an^e found, 188, 184 ; aquare 
inscribed in a, 218. 

Semidrcle defined, 4S. 

Semidrcumference defined, 45. 

Set aquare, linea drawn at right angles 
by, 76; accuracy o^ tested, 77 ; Imes 
drawn parallel by, 80. 

Sides of figure defined, 20. 
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Similar flgforMdeAned, 94; ooautnuited, 
286, 237 ; added and sabtrnoted, 288 ; 
multiplied and divided, 288. 

Solid, geometeioal, defined, L 

Square defined, 88; oonatrnoted on 
giyem baae, d8; inaoribed in a tri- 
angle, 190 ; inaoribed in a oirole, 198 ; 
deaoribed about a circle, 190; in- 
scribed in a segment. 213; equiva- 
lent to a given triangle oonstrooted, 
282 ; oonatmoted to contain a given 
numerical area, 218. 

Straight edge, 7, 10 : and set square, 
lines dra'vm at right angles by, 76 ; 
drawn paralM by, 80. 

Straight line defined, 6; bisected, 72; 
produced until the rectangle under 
the whole and the part produced is 
ejiual to the square of the original 
line, 94; divided similarly to a given 
divided straight line, 106 ; trisected, 
111 : divided into equal parts, 112; 
the lengtii of which is a surd or irra- 
tional quantitv, constructed, 244. 

Straight lines, two cannot enclose a 
space, 9; in the same straight line, 
16; at right angles, defined, 17; 
drawn, 78—76 ; oblique, defined, 18; 
parallel, defined, 19 ; drawn, 80, 81 ; 
drawn through given points to inter- 
sect in the same poin^ 109 ; at right 
angles set off on the ground, 260^ 
261 ; parallel set (df on the ground, 
264—256. 

Supplement defined, 18. 

Surmoe, and superficies, defined, 2; 

8 lane or curved, 6; plane or flat, 
efined. 11. 



Tangents or tonefaing lines defined, 60 ; 
dnwn, 142—147: given and the 
circles drawn, 149—164; drawn to 
arcs of large circle, 179. 180. 

Ttingentud or touching etrdes defined, 
61; drawn, 166-172. 

Theorems, 60-69, 108—106*, 188—138*, 
178-176, 214—219. 

Third proportional to two straight 
lines found, 106. 

Trapezium defined, 86. 

Trapeaoid define^ 86; construoted, 
100. 

Triangle defined, 26 ; equilateral, 26 ; 
i808oeles,27; right-angled, 28; oblique- 
angled, 29 ; obtuse-angled, 29 ; aonte- 
anffled, 29 ; constoucted with given 
sides, 70; with two sides and in- 
cluded angle given, 86; with one 
side and two angles ffiven, 87 ; with 
two sides and an angle opposite one 
of them given, 88 ; with one angle, 
a side, and the sum of the other two 
sides given, 89, 91, 186; with one 
angle, a side, and tiie cuflerenoe of 
the other two sides given, 90, 92, 187 ; 
with the base, the vertical angle, 
and the perpendicular given, 186; 
with the base, the veraoal angle, 
and the ratio of the two aides given, 
188 ; inscribed in a square, 191 ; in 
a oirde, 194; de6crn>ed about a 
oirde, 196 ; constmcted equivalent to 

?iven triangle, 220—226 ; to any rec- 
ilineal figure, 284; bisected, 227— 
280 ; diviaed into equal parts, 281. 

Appbkdiz, table of tangents and Be- 
cants, p. 187. 
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Principles of the Science of Sound applied to the purposes of the Architect and 
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130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
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Architecture/' >>«(?« 6j. 

132. THE ERECTION OF DWELLING-HOUSES, Illustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, 8tc. Ky 
S. H. Brooks. New Edition, with Plates. 2$. 6d.l 

156. QUANTITIES 6- MEASUREMENTS m Bricklayers', Masons', 
Plasterers*, Plumbers', Painters'.Paperhangers', Gilders', Smiths', Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition. la. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1895. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
further Enlarged. By Francis T. W. Miller, A.R.I.B.A. 800 pages. 
4s., cloth boaras. 

182. CARPENTRY AND WINERY— Tn^ Elementary Prin- 

ciPLRS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredoold. C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.t 

182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, Sec. ; Unequal -sided, Square-sided, Octagonal -sided, Round Timber 
and Stone, and Standing Timber, &c. By, Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITEC2S, By G. Wiqhtwick. 

New Edition. By G. H. Guillaums. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

IfrRITING : with a Course of Elementary Draw", ng for House- Painters, Sign- 
Writers, &c., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth Edition. With Coloured Plates. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles; Arch Drawine, Cutting, and Setting; 
Pointing; Paving, Tiling, Materials; Slati«7g ana Plastering; Practical 
Geometry.Mensuration, 8cc. By Adam Hammond. Eighth Edition, zs. 6d. 

191. PLUMBING, A Text-Book to the Practice of the .Ajrt or Craft of 

the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS^ 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. u, 
£o6. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. 4s. 6d.t 
226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
WyvillJ. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.< 
£28. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wyndham Tarn, M.A., Architect. Third Edition, revised, is. 6d. 

The t indicates that these vols, may be had strongly bouni at 6d. extra. 
7y stationers' hall COURT, LUDGATB HILL, E.C 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 
and £zterior Decoration of Dwelling -Houses, Ike. By J. W» Facbt. ss. 

157. PRACTICAL HOUSE DECORATION, A Guide to the Art 
of Ornamental Painting. By Jambs W^. Facby. 2s. 6d. 
V Tk€ tmo pree€d£9ur Works, in One handsome Vol., half^btmnd, tntitUd *' Housi 

DbCORATION, ElBMBNTARY and PRACTlCAL,*^#riC» u. 

130. A PRACTICAL TREATISE ON HANDRAILING, Showing 
New and Simple Methods. By G. Colukos. Second Edition, Revised, 
including A Trbatisb on Stairbuildino. Plates, ss. 6d. 

247. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land. By 
FowLBR Maitland, Surveyor. Second Edition, revised, ts. 

248. PORTLAND CEMENT FOR USERS, By Hknry Faija, 

Assoc. M. Inst. C.£. Third Edition, corrected. Illustrated, ss. 

252. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cuttin? and Setting, &c. By F. 

Walkbr. Third Edition, Revised and Enlarged, xs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK, Comprising: 

189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklav- 

165. wo, by A. Hammond ; Brickcuttino and Sbttino, by A Hammond. $34 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
253.755:5 TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By A\ m. Rich- 
ARDSON. With Additions by M. Powis Balb, A.MJnst.C.B. i%,X 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY, 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Colungs. Second Edition, ss. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Lajring and Fitting. By John Black, ss. 6d.t 
261. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Gborgb H. Bij^grovb. is. 6d. 
265. THE ART OF PRACTICAL BRICK CUTTING ^SETTING. 

By Adam Hammond. With 90 Engravings, xs. 6d. 
267. THE SCIENCE OF BUILDING : An Elementary Treatise on 

the^ Principles of Construction. By E. Wyndham Tarn, M.A. Lond. Third 

Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILATION : a Text-book to the Practice of the Art of 

Ventilating Buildings. By W. P. Buchan, R.P., Sanitary Engineer, Author 
of " Plumbinir," Stc. 3s. 6d.t 

272. ROOF CARPENTRY ; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Gbo. Colungs, 
Author of " Handrailing and Stairbuilding," &c. ss. 

273. THE PRACTICAL PLASTERER : A Compendium of Plain 
, and Ornamental Plaster. Work. By Wilfrrd Kemp. ss. \Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

51. NA VAL ARCHITECTURE, An Exposition of the Elementary 
Principles. By J. Pbakb. Fifth Edition, with Plates. 3s. 6d.t 
53». SHIPS FOR OCEAN dr- RIVER SER VICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
53««. AN ATLAS dFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
ftc, relative to every class of vessels. By Robbrt Kippino, NJl. ss. 



The X indicates that these vols, may be had strongly bound at 6^1. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cont, 

54*. IRON SHIP-BUILDING, With Practical Examples and Details. 
By John Grantham, C.E. Fifth Edition. 4s. 
55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs Grbbnwood, ^Ji^ With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. By W. H. Rossbr. ss. 6d.| 

80. MARINE ENGINES A^D STEAM VESSELS, By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborgb Carlislb, C.E. 4s. 6d. limp ; 5s. cloth boards. 

83 Jm. the forms of ships and B0A7S, By W. Bland. 

Ninth Edition, with numerous Illustrations and Models, is. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, ia Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 
and Sails of Steam Vessels, &c. X3th Edition. By R. Kipping, N.A., 2s. 6d.t 
155. ENGINEER'S GUIDE TO THE ROYAL &> MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. M'Carthy. 3s. 
55 PRACTICAL NAVIGATION Consisting of The SaUor's 
^ Sea- Book. By Jambs Grbbnwood and W. H. Rossbr. Together with 
2Q4 the requisite Mathematical and Nautical Tables for the Worktnff of U10 
*"4« Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

6l». -4 COMPLETE READY RECKONER FOR THE ADMEA^ 
SUREMENT of LAND, &c. By A. Arman. Fourth Edition, revised 
and extended by C. Norrjs, Surveyor, Valuer, &c. as. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price Um of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. ss. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scorr Burn. Woodcuts, ss. 

141. FARMING 6* FARMING ECONOMY, Notes, HiHorical and 

Practical, on. (Vol. 2. Outlines op Modern Farming.) By R. S jctrr Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines op Modern Farming.) By Hi^ Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY/, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines op Modbrn Farming.) ss* 

146. UTILIZATION OF SEWAGE^ IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
*ii* Nat, Z40-X-2-5-6, in, One Vol.^handsomely half-bound, enittUd "Outlines op 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Cultiu-e of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.} 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fifth Edition, 
enlarged, includingr Specimens ot New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glrnnv. Illustrated, xs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

tation of Farm Labour, By R. Scott Burn. ss. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. ss. 6d. 

\* Nos. 207 £7" 2o8 in One VoL^ handsomely half-bound, entitled " Outlines a^ 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s, 

The % indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Agriculture, Gardening, etc., cmHnued. 

209. 7HE TREE PLANTER AND PLANT PROPAGATOR, 

A Practical Manual on the Propagation of Forest Trees, Fnxit Trees, 
Flowering Sbmbs, Flowering Plants, &c. By Samusl Wood. 2s. 

SIC. THE TREE PRUNER, A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. is. 6d. 
%• Not, vyii &• szo in OfU Vol,, handsomely kalf-boimd, aUitled <*Thb Trsb 
Plantbr, Propagator, and Pruner." By Samuel Wood. Price $s. 6d. 

S18. THE NAY AND STRAW MEASURER : Being New Tables 
for the Use of Auctioneers, Valuet*, Fsamea, Hay and Straw Dealers, &c. 
By John Steele. Fifth Edition, as. 

122. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms^ adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs. By ProfL John Donaldson and R. Scott Burn. js. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Chaeles 

Baltbt. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. ^RDEN RECEIPTS, Edited by Charles W. Quiw. I8.6d. 

234. MARKET AND KITCHEN GARDENING. ByC.W.SiiAW, 

' late Editor of " Gardening Illustrated." 3S.I 

239. DRAINING AND EMBANKING. A Practical IVeatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Ag^culture and Rural £conomy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction* of Wells, 
Ponds, and Reservoirs, 8cc. By Prof. John Scott. With34lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

1 realise on the Roads, Tramways, and Waterways of the Farm ; the 
I'linciples of Enclosures ; and the different kinds of Fences, Gat€»t, and 
Stil»^s. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FAR if BUILDINGS. A Practical Treatise on tiie Buildings 

neres.ca.ry for various kinds of ^"arais, their Arrangement and Construction, 
with ) 'lans and Estimates. By Prof. John Scott. With 105 Illus. ts. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture^ and 
on various Machines used in the Threshing-bam, in the Stock-yard, and m the 
Dairy, 8tc. By Ptof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

*«* Not. 239 to 245 in One Vol., handsomely half'bound, entitled " The Complbti 
Text- Book or Farm Engineering." By Professor John Scott. Price \zs, 

250. MEAT PRODUCTION, A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS &» ESTATE OWNERS, 
By T. M. Woodman, Chartered Accountant, as. 6d. cloth limp; 3s. 6d. 
cloth boards. 

The t indicates that these vols, may he had strongly bound at 6d, extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treadse on; Theii 
Construction. Adjustment, Testine, and Use concisely Explained. By J. F. 
Hbatbbk, M.A. Fourteenth Edition, revised, with additions, by A. T. 
Walmisubt, M.I.C.E., Fellow of the Surveyors' Institution. Ori^nal Kdi- 
tion, in i vol., Illustrated. 2s.| 

"»• In ordering ike above, be careful to toy, ** Original Edition *' {No. 32), U> distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

J6. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted n-om the French oi 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M.A. With 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 215 Woodcuts, ss. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R.YouNO. Twelfth Edition, xs. 6d. 
84*. A Kby to the above, containing Solutions in fiill to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. You no. xs. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitate-l. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
86*. A Kby and Coupanion to the ahove Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, xs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay 00 
Logic. By Hbnry Law, C.E. 25. 6d4 

•«* Sold also separately, viz. : — 

88. Euclid, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, zx, 12. By Hbnry Law, C.E. xs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. Young. t».t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elemente of. By James 

Hann. Revised by Charlbs H. Dowuno, C.E. xs. 
%• Or with " The Elements of Plane Trigonometry," in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING, With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, C.E. New Edition by £. Nugbnt, C.E. Illustrated, xs. 6d. 

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WOOLHOUSB, F.R J^.S., &C. IS. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudunentary, fcr the Use of Schools and Self. 

Instruction. By Jambs Haddon, M J^. Revised by A. Arman. is. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
7i stationers' HALL COURT, LUDGATE HILL, E.C. 



lO WSALB'S RUDIMKNTARY SERISS. 

Mathematics, Arithmetic, etc., continued. 

i6«. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing^ — I. Instruments emploved in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of M^m and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr, M.A. Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plani 
by Photography. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ghround. II. Instruments Employed in Astronomical OUserva • 
tions. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 
*«* Tks above three volutnes form an enlargement of the Author's original zvorA 
"Mathematical Instruments." {See No, 32 in the Series.) 

iG^^MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

x6o. r M.A. Enlarged Edition, for the most part entirely re- written. The 3 Parts as 

ijo.j above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations with 

unexampled rapiditjr and accuracy. By Charlbs Hoarb, CJB. Sixth 

Edition. With a Slide Rule in tuck of cover, ss. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 

TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FfioOR Thoman. Fourth Edition. 4s. t 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reouired in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. Norris. 
2s. 6d., cloth limp ; 3s. 6d., stronely half-bound in leather. 

104. MATHEMATICAL T^^Z^^', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Youno. New Edition. 4s. 
104». LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. ByHsNRvLAW, M.Inst.CE. New 
and Revised Edition. ( Forming part of the above Work). 3s. 

SJI. MEASURES, WEIGHTS, AND MONEYS OF ALL NA* 

TIONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WOOLHOUSK, F.R.A.S^ F.S.S. Seventh Edition, 2s. 6d t 
117. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVB ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by ireans of Arithmetical and Simple Algebraical Equations and 
Fractical Examples. By Francis Cahpin. C.E. Third Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 
1. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. TOMLINSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

UNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., fcc. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the Greneral Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edit:on, 
r evised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The. X indiroies thai these vols, may be had strongly bound at dd. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



WXALS'S RUDIMENTARY SERIES. II 

Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.K., F.S.A . 3s. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Chaxxss Tomlinson, F.K..S. 
Fourth Edition, enlarg^ed. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by Wiluam Thynnb Lynn, B.A., F.R Jl.S. m, 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracine also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker. C.£. Fourth Edition, zs. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port. 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, zs. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts, zs. 6d. 

€73 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's '* Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.| 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

il formerly Professor of Natural Philosophy and Astronomy in University 

,0^^ College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 

 ^ »,• Sold alto in Two Parts, as follows .— 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XvIII. js. 

269. LIGHT: an Introduction to the Science of Optic«>, for the U>e of 
Students of Architecture, Engineering, and other Applied Sciences. By £. 
Wyndham Tarn, M.A. is. Sd, 



FINE ARTS. 

to. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborgb Pynb. ss. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssrrt and Kmanubl Otto From- 
bbrg. With an Appendix on Thb Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charlbs Child Spbncbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spbncbr. is.6d. 

69.71. MUSIC <y THE PIANOFORTE, In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tenmera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Sixth Edition, revised and enlarged. $».% 

186. A GRAMMAR OF COLOURING, apphed tc Decorative 
Painting and the Arts. By Gborgb Fibld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3S.I 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting. Cleaning, Re- 
lining and Restoring, Schools of Painting, 8ec. With Notes on the Copyists 
and Imitators of each Master. By Philippb Darvl. 2s. 6d.t 

The % indicates that these vols, may be had strongly bound at 6^. extra. 
7, stationers' hall COURT, LUDGATS HILL, E.C. 



12 WKALK'S RUDIMSNTARY SERIES. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By E. DoBSON, M.R.I.B.A. Illustrated, 3S4 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckxtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp : 53. 6d. cloth boards. 
83»». CONSTRUCTION OF DOOR LOCKS. CompUed from the 
Papers of A. C. Hobbs, and Edited by Charlbs Tomunson. F.RJS. 2s. 6d. 
i6a. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Tumin^^, Filing, Burnishing, 
Bronzing, 8cc. With copious Receipts, 8cc. By Waltbr Graham. 2s.t 
205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, xs. 6d- 
215. THE GOLDSMITHS HANDBOOK, containing fuU Instruc 
tions for the Alloying and Working of Gold. By Gborgb E. Gbb, %%.% 

225. THE SILVERSMITITS HANDBOOK, containing foil In- 
structions for the Alloying and Working of Silver. By Gborgb E. Gbb. ts J 
%• TJu too preceding Works, in One handsome Vot,,, half-bound, entitled " Xhi 
Goldsmith's & Silvbrsmitu's Complbtb Handbook,** ^s. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, By Gborgb E. Gbb. r^X 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burobss. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated, ss. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bedford Lbno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formube, 
Tables, Receipts, &c. By Charlbs Huntbr. Third Edition. y&.% 
270. WOOD ENGRA VING : A Practical f nd Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, Af STALL URGY, ARCHE- 
OLOGY, the FINE ARTS, (ok. ByloHNWsALB. Sixth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 
Sa LABOUR CONTRACTS, A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Utilby, Solicitor, 3s. 6d. cloth. 
12. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B.A., M.D. A Family Guide in all Cases of Accident and Emergency 2S. 
II2*. MANAGEMENT OF HEALTH. A Manual ol Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
CO. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. is. 6d. 

54. GENERAL HINTS TO EMIGRANTS. 2s. 
57. THE EMIGRANTS GUIDE TO NATAL. By R. Mann. 2s. 

93. HANDBOOK OF FIELD FORTIFICATION. ,By Major 
W. W. Knollvs, F.R.G.S. With 163 Woodcuts. 3s.t 

94. THE HOUSE MANAGER: Being a Guide to Housekeeping. 
Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, &c. By An Old Housekeeper. 3s. 6d.t 

94» HOUSE BOOK (The). Comprising :— I. The House Manager. 

2 & By an Old Housekeeper. II. Domestic Medicine. By R. Goodino, M.D. 
12*. III. Management of Health. By J. Baird. In One Vol., half-bound, 6s. 

The X indicates that these vols fnay be had strongly bound at 6d. extra, 
LONDON : CROSBY LOCKWOOD AND SON, 



weale's educational and classical series. 13 



EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
WiixiAM Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

S. Greece, Outlines of the History of: in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History ofs from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. j cloth boards, 3s. 6d. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongiie, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fifth Edition, is. 6d. 

12. Bictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d, 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, is. 6a. 

49. Derivative Spelling-Book s Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
. and other Languages ; with their present Acceptation and Pronunciation. 
'By J. RowBOTHAM, F.R.AaS. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d, 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Qwaniitative, a Course 

of. To which is prefixed, a BriefTreatise upon Modern Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, id. 



s, d. 

First Standard • .06 
Second „ . .0x0 

Third . . z o 



». d. 

Fourth Standard t • • z a 

Fifth ' „ . • • • i 6 

Sixth „ . • • • z 6 

Lbssons from thb Biblb. Part I. Old Testament, xs. 

Lbssons from thb Biblb. Part II. New Testament, to which is added 
Thb Gbography of thb Biblb, for very youne Children. By Rev. C. 
Thornton Forstbr. xs. 2d. %* Or the Two Parts in One Volume. 2s. 
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FRENCH. 

24. ^^^^^^^^rammar. With Complete and Condsc Rules on tiie 

Gendenof Freacfa Noons. By G. L. Stkadss, PhJ>. » 6d. 

25. French-English Dictionary. Comprising a lirge number of 
•A jr*^J«™^«Kn|meeni.g. Mining, fcc. By Alfmd ^ww. is.6d. 

26. English-French Dictionary. Bj Alfmmd Elw^ Si 
iS,26. French Dictionary (as above). Complete, in One VoL. ^s. • 

cloth board.. 3s. 6d. V Or with the GaAniiAa. cloth board.. 4.. 6d/' ^ ' 

47. French and English Phrase Book : containing Intro- 

ductory Le«pn«, with Translations, several Vocabnlarie. of Wor£. a Col- 
lection of nutable Phrsues, and Easy Familiar Dialogues. i». 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heysc s Thwretical and Practical Gnunmar. by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Senes of Extracts, carefully culled from the 

most approved Authon of Gcrmanv ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. 1.. * *"* 

41-4,^. German Triglot Dictionary. By N. E. S. A Hamilton 

In Three Parts. Part I. German-French-English. Part II. Enrfish-Geri 
man-French. Part III. French-German-English. 3s., or cloth Soards^ 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39- Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Cooise 

of Exercises. By Alfrsd Elwss. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwrs 
Vol. I. Italian- English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwks. VoL 2, 

English-French-Iulian. ss. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwks. Vol. i. 

French-Italian- English, as. 6d. * ^* 

«8,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 8ic. 
with the proper Accents and the Gender of every Noun. By Alfred Elwes 
4S. ; cloth boards, 5s. *,* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Gramniar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese- English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining 
Engineering, &c., with the proper Accents and ihe Gender of every Noun' 
By Alfrbd Elwes- Third Edition, Revised, 5s. ; cloth boards, 6s. %• Or 
^ith the Grammar, cloth boards, 7s. 

HEBREW. 
46*. Hebrew^ Grammar. By Dr. Brksslau. is. 6d, 
44. Hebrew^ and English Dictionary, Biblical and Rabbmical • 

containing the Hebrew and Chaldee Roots of the Old Testam«it Post^ 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew^ Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cl oth boards, X2s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M Jl., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-EngUsh Dictionary- By the Rev. Thomas Goodwin, 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. . /-^ tt 1 £.a 

10.22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. *.* Or with the Grammar, cloth boards* ss. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

I. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, bj H. Young, is. 6d. 

5. Csesarls Commentarii de Bello Gailico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 
* lies by W. RusHTON. M.A., and on the Georgics by H. Young, is. 6d 

c. Virgilil Maronis ^.neis. With Notes, Cntical and Explanatoiy, 
bv H Young New Edition, revised and improved With copious Addi- 
S^onal NoteSby Rev t7h. L.'Lbarv, D.C.L., iormerly Scholar ofBrasenose 

College, Oxford. 3s. 

<• Part I. Books i.— vi., x«. od. 

5*» . Part 2. Books vii.— xii., 2S. ^.t ^ v n 

6. Horace; Odes, Epode, and Carmen Saecularc. Notes by H. 

7. Horlcer's^tires, Epistles, and ArsPoetica. Notes by W. Brown- 

RiGG Smith, MJ^., F-R.G.S. is. 6d. ^t ^ /- •♦• 1 

8. Sallustil Crispi Catalina et Bellum Jugurthmum. Notes, CnUcal 

and Explanatory; by W. M. Donnb, B.A.,Tnn. ColL, Cam. is. 6d. 
Q. Terentil Andria et Heautontimorumenos. With Notes, CnUcal 
and Explanatory, by the Rev. Jambs Davibs, MJl, is. 6d. -,.,., 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Cntical 
and Explanatory, by the Rev. Jambs Davibs, M.A. "• « w a 

II. Terentii Ennuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

t« rYr^onis Oratio pro Sexto Roscio Amerino. Edited, with an 
"• ^IntfoduSiol A^^^ Notes, Explanatory and Critical, by the Rev. 

Iambs Davibs, M.A. is. 6d. „ *. a u* 

IX Ciceronis Orationes in Catilin*m, Veirem, et pro Archia. 

*3' *-;;V:ru T ^^.,^;«n Analvais and Notes. Explanatory and Cntical, by Rev. 
T^ H. L LbaI?, d\c^^^^ College, Oxford. 

. ^ ^in^f^r^ \ Q Cato Malor. LaeHus, Brutus, sive de Senectute, de Ami- 
'^- ^cUirdeClari^^^^^^ With Note, by W. Bkownkigg Smith. 

16. 11^ ^'^to^ ofkome. Notes by H. Young and W. B. Smith, 

M.A. Parti. Books i., u., xs. 6d. 

j6» . - Part 2. Books iii., iv.j v., is. 6d. 

,7' -Part 3. Books xxi., xxii., IS. Od. 

10 Latin Verse Selections, from Catullus, Tibullus, Propertius, 

'^- ^^dWdlNo^ by w!'b. DONNB, M.A., Trinity College, Cambridge, as. 

*ft T fltin Prose Selections, from Vano, Columella, Vitruvius, 

nius. Apttleins, fcc. Notes by W. B. Donnb, MJL. 2s. , t, „ o 

<i JuvenallS Satirse. With Prolegomena and Notes by T. 11. b, 

7, STATIONERS' HALL COXJRT, LUDGATK HILL, E.G. 
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GREEK. 

14. Greek Gratnmar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Ham* 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnrt R. 
Hamilton. Vol. i. Greek-English, ss. 6d.; Vol. 2. Snglidi-Greek, ss. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, $», 

14,15. Greek Lexicon (as above). Complete, with the Geamicak, in 

I/. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by Joun 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

s, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part x. Books i. to Hi., 
IS. Part 2. Bookis iv. to vii., is. 

4. Lucian*s Select Dialogues. The Text carefiillv revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-12. Homer, The Works of. According to the Text of Barumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbary, M.A., D.C.L. 

Thb Iliad : Part z. Books i. to vi.^ is.6d. Part 3. Books ziii. to zviii., xs. 6d« 

Part 2. Books vii. to xii., is. 6d. Part 4. Books six. to zxiv., xs. 6d. 

Tub Odvssby: Part z. Books i. to vi.^ is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Parts. Booksvit.toxii., IS. 6d. Part 4. Books six. to zxiv., and 

Hymns, as. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. as. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminaty Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part I. Books i.. ii. (The Clio and Euterpe), 2s. 
Part s. Books iii., iv. (The Thalia and Melpomene)^. 
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polyrania), Sf. 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 
18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 
20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B Jl. ss. 
ty Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorp. With Notes, Critical and Explanatory, by W. Brownrigo Smith, 
M.A., F.R.G.S. IS. 6d. 
26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milnbr, B.A. is. 6d. 
30. .^schylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. is. 
32. >Eschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes: Achamians. Chiefly from the Text of C. H. 

Wbisb. WithNotcs,byC.S.T.TowNSHBND, MA. is.6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 6d. - • ^ 

42. Xenophon's Panegryrlc on Agesilaus. Notes and Intro- 

ductionbyLL. F. W. JBWITT. is. 6d. , 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Lbart, D.C.L., foirmerly Scholar of 
Brasenose Colle ge, Oxford, is. 6d. 
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CATALOGUE OF BOOKS 

INCLUDING NEW AND STANDARD WORKS IN 

ENGINEERING: CIVIL, MECHANICAL, AND MARINE; 

ELECTRICITY AND ELECTRICAL ENGINEERING; 

MINING, METALLURGY; ARCHITECTURE, 

BUILDING, INDUSTRIAL AND DECORATIVE ARTS; 

SCIENCE, TRADE AND MANUFACTURES; 

AGRICULTURE, FARMING, GARDENING; 

AUCTIONEERING, VALUING AND ESTATE AGENCY; 

LAW AND MISCELLANEOUS. 

PUBLISHED BY 

CROSBY LOCKWOOD & SON, 

MECHANI CAL ENGINEER ING, etc. 
1>. K. Clark^sJPocket-Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OP 
TABLES, FORMULjB, RULES AND DA TA, A Handy Book of Reference 
for Daily U«e in Engineering Praotloe. By D. Kinnbar Clark, M.Inst.C.B., 
Author of " Railway Machinery," " Tramways," &c. Second Edition, Re- 
vised and Enlarged. Small 8vo, 700 pages, 9s. boimd in flexible leather covers, 
with rounded comers and gilt edges. 

Summary op Contbnts. 
Mathematical Tables. — Measurement op Surfaces and Solids.— 
English Weights and Measures. — French Metric Weights and Mea- 
sures.— Foreign Weights and Measurbs.~Monbys. — Specific Gravity 
Weight and Volumb.— Manufactured Metals. — Steel Pipes.— Bolts and 
Nuts. — Sundry Articles in Wrought and Cast Iron, Copper, Brass, Lead, 
Tin, Zinc. — Strength op Materials. — Strength of Timber. — Strength op 
Cast Iron.— Strength op Wrought Iron. — Strength of Steel. — Tensilb 
Strength of Copper, Lead, etc. — Resistance of Stones and other Build- 
ing Materials. — Riveted Joints in Boiler Plates.— Boiler Shells — Wire 
Ropes and Hemp Ropes. — Chains and Chain Cables. — Framing. — Hardness 
op Metals, Alloys and Stones. — Labour of Animals. — Mechanical Prin- 
ciFLBS. — Gravity and Fall of Bodies. — Accelerating and Retarding 
Forces.— Mill Gearing, Shafting, etc. — Transmission op Motive Power.— 
Heat. — Combustion: Fuels. — Warming, Ventilation, Cooking Stoves.— 
Steam. — Steam Engines and Boilers. — Railways. — Tramways. — Steam 
Ships. — Pumping Steam Engines and Pumps. — Coal Gas, Gas Engines, etc.— 
Air in Motion. — Compressed Air.— Hot Air Engines. — Water Powek-^ 
Speed of Cutting Tools. — Colours.— Electrical Engineering. 

%* Opinions of thb Press. 
" Mr. Clark manifests what is an innate perception ot what Is likely to be useful In a pocket- 
book, and he is really unrivalled in the art of condensation. Very freguently we find the informa- 
tion on a eiren subject is supplied by sfiving^ a summary description of an experiment, and a state- 
ment of the results obtained. There is a very excellent steam table, occupyingf five and-a-half 
pages ; and there are rules given for several calculations, which rules cannot be found in other 
pocket-books, as, for example, that on page 40J, for getting at the quantity of water in the shape 
of prfaning in any k jown weight of steam. It is very difficult to hit upon any mechanical engineer- 
ing subject concerning which this work supphes no information, and the excellent index at the end 
ados to its utility. In one word, it is an exceedingly handy and efficient tool, possessed of which 
the engineer will be saved many a wearisome calculation, or yet more wearisome hunt through 
various text-books and treatises, and, as such, we can heartily recommend it to our readers, 
who must not run away with the idea that '.Mr. Clark's Pocket-book Is only Molesworth in another 
form. On the contrary, each contains what is not to be found in the other ; and Mr. Clark takes 
more room and deals at more length with many subjects than Molesworth possibly could." 

rh€ Engrineer. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 650 pages which should be more compact or convenient A>r pocket reference. . . 
Will be appreciated by mechnaical engineers of aU classes." — Practical Hngineer. 

" Just the kind of work that practical men require to have near to them."— f Mj^/tf A Mechanic 

B 
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MR, HUT TOII'8 PRACTICAL HA NDBOOKS, 
Handbook for Works' Mam,ager8. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 
RULES, TABLES, AND DATA. For Engineers, Mmwriehts, and BoUer 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Foonders, &c. By W. S. Hutton, Civil and Mechanical Engineer, Author 
of *'The Practical Engineer's Handbook." Fifth Edition, carefully Re- 
vised, with Additions. In One handsome Volume, medium 8vo, price 155. 
stronglv bound. U^^ published. 

IflT The Author having compiled Rule* and Data for his onm use tn a great 
wofiety of modem engineertng worh, and having found his notes extremely useful, 
decided to publish them — reviud to date— believing that a practical worh, suited to 
fA« DAILY RBQUIRBMBMT8 OF MODERN BNOiNBBRS, would be favourobly received. 
In the Fourth Edition the First Section has been re-written and improved by the 
addition of numerous Illustrations and new matter telatiuE to Stbam Engines and 
Gas Engines. The Second Section has been enlarged and Illustrated, and through- 
out the book a great number of emendations and alterations have been made, with the 
object of rendering the booh more generally useful. 

%* Opinions op the Press. 
"TheanthortiMtsevefysucjectfromthepoiiitof Tiewof one who has coDeded woifcshop 
aotes for applicatioii in worbhop onoHoa, rather than from the theoretical or Kterary aspect. The 
volume contains a great deal of Uiat klna of information which is gained only by practical experi- 
ence, and is seldom written in books."— ^M^vKMr. 

"The volume is an exceedingly useful one, brimful with englneen' notes, memoranda, and 
fules, and well worthy of being on every mechanical engineer's bookshetf."— iif«A«M<e»/ JVorU, 

" The information is precisely tluit likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works' manager, but of anyone connected with 
general engineering."— AfjM^np' youmal. 



<t 



'A formidable mass of tacts and figures, readily accessible through an elaborate Index 
.... Such a volume will be found absolutely necessary as a book m reference in all sorts 
of 'works' connected with the metal taL6ies."—Ry land's Iron Trades Cirtular. 

" Brimful of usefiil information, stated in a concise form, Mr. Hutton's books have met a press* 
ng want among engineers. The book must prove extremdy nsefiil to every practical man 
possessing a c(ypy.'*—Prtutical Engineer. 

New MantuU for Bractieal Engineers* 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modem Engines and Boilers : Marine, Locomotive and Sta* 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constitutmg a 
comprehensive Key to the Board of Trade and other Examinations lor Certi* 
ficates of Competency in Modem Mechanical Engineering. By Walter S. 
Hutton, Civil and Mechanical Engineer, Author of "The works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Medium 8v0| nearly 500 pp., price zSs. 
Stronglv bound. 

tst This work is designed as a companion to the Author's <* Works' 
Manager's Hand-book." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own uuinthe construction of a great variety 
0/ Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHER Engineering Work. 

%♦ Opinions of the Press. 
** We have kept It at hand for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest. 
— Athenaunt. 

" A thoroughly good practical handbook, which no engineer can go through without kaming 
something that will be of service to lim."— Marine Engineer. 

"An excellent book of reference for engineers, and a valuable text-book for students 01 
engineering. " — Scotsman. 

"This valuable manual embodies the results and experience of the '^'•^tBg authorities on 
mechanical engineering."— ^Mt^'Mtf News. 

" The author has collected together a surprlsfaig quantity of rales and practical data, and has 
shown muchjudgment in the selections he has made. . . . There Is no doubt that this book is 
ene of the most useful of its kfaid published, and will be a very popular compendium." — Engineer. 
" A mass of information, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly gooa and well chosen and is greatly elucidated 
by the iUustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— PramVw/ Engineer. 

" Full of useful information and should be found on the office shelf of all practical engtaK 
■English Mechanic. 
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MR. MUTTON'S PRACTICAL HANDBOOKS-conHnued. 
BracticdU Treatise on Modem Steam^Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
tor Engineers. Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to Recent Practice in the Design, Con- 
strnction, and Workine of all Kinds of Stationary, Locomotive, and Marine 
Steam-Boilers. By Walter S. Hutton, Civil and Mechanical Engineer, 
Author of "The Works' Manager's Handbook," *<The Practical Englneet's 
Handbook," &c. With upwards of 300 Illustrations. Second Edition. 
Medium 8vo, z8s. cloth. 

t^ This work is issued in continuation of the Series oi Handbooks written 
by the Author, w>;— "The Works' Manager's Handbook *» and "The Practi- 
cal Engineer's Handbook," wAicA are so highly appreciated by Engineers for 
the practical nature of their information; and is consequently written in the same 
style as those works. 

The Author believes that the concentration, in a convenient form for msv refer- 
^9ft^f ^^^ « '«»'ir« amount of thoroughly practical information on Steam-Boilers^ 
wtll be of considerable service to those for whom it is intended, and he trusts the book 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors, 

%* Opinions of the Press. 

"Every detail, both In boOer desisn and management. Is clearly laid before the reader. The 
TOlume shows that boiler construction nas been reduced to the condition of one of the most exact 
sciences ; and such a boolc is of the utmost vabie to th» /In tU sUcU Englaeer and Works' 
Manager."— ^an'M« Engineer. 

" There has \onst been room for a modem handbook on steam boDers : there Is not that reom 
now, because Mr. Hutton has filled It. It is a thorousrhly practical book for those who are occu* 
pied in the construction, desififn, selection, or use of boilers."— £Mri'>Mer. 

" The book is of so important and comprehensive a character that it must find Its way Into 
the libraries of everyone Interested in boiler using or boiler manufacture if they wish to be 
thoroug^hly informed. We strongly recommend the book for the intrinsic value of its contents."— 
Machinery Market. 

" The valu»v)f this book can hardly be over-estimated. The author's rules, formulae, &c., an 
all very fresh, and it is impossible to turn to the work and not find what you want No practical 
engineer shoukl be without Mt,"— Colliery Guardian, 

Hutton^s ** Modernised Templeton.'' 

THE PRACTICAL MECHANICS* WORKSHOP COM- 
PA NION. Comprising a great variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By Will^m Temple- 
TON, Author of "The Engineer's Practical Assistant," &c. &c. Seventeenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works'. Manager's Handbook," "The 
Practical Engineer's Handbook," &c. Fca'p. 8vo, nearly 500 pp., with 8 
Plates and upwards of 250 Illustrative Diagrams. 6s., strongly bound for 
workshop or pocket wear and tear. 

*ik* Opinions of the Press. 

" In its modernised form Hutton's ' Templeton 'should have a wide sale, fbr It contains mnch 
valuable faiformation which the mechanic will often find of use, and not a few tables and notes which 
he mieht look for in vain in other works. This modernised edition will be appreciated by all wbD 
have teamed to value the original editions of ' Templeton.' ' —English Mechanic 

** It has met with great success in the engineenng workshop, as we can testily : and there are 
n great many men who, in a great measure, owe their rise in life to this little hoo\i."—Snilding News. 

" This familiar text-booK— well known to all mechanics and engineers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected with 
engineeruig and bullJing. The new modernised Mition Is worth its weight in gold."— i9«tfaMM|c 
News. (Second Notice.) 

** This well-known and largely- used book contains Information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practically a new book. It wiU be largely used hi the office and workshop."— 
Mechanical World. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and usefUl book 
to Mr. Hutton, than whom a more competent man they could not have found."— /r<?M. 

Templeton'8 Engineer's and Muchinist's Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By WiLUAif Templeton. 7th Edition, with Additions. z8mo, as. 6d, cloth. 

\* Opinions of the Press. 
** Occupies a foremost pl^ce amoqg books of t)Ms kind. A more suitable present to an appren- 
tice to any of the mechanical tradjK coukl not possibly be made."— i^w^lAM^e News. 

"A deservedly popular work. It should be in the ' drawer ' of every mechanic"— English 
Mechanic 
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Foley's Office Meferenee Book for Mechanical 
JEngineera* 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Constmction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
namerooa Illustrations. By Nelson Foley. M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, £3 3s. net half-bonnd. 

Summary of Contents. [Just published. 

PART I. 



Measures. — Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers. — Square and Cube Roots.— 
Surface of Tubes— Reciprocals. — 
Logarithms. — Mensuration. — Spe- 
cific Gravities and Weights. — 
Work AND Power. — Heat.— Combus- 
tion. — Expansion and Contraction. 
—Expansion of Gases. — Steam. — 
Static Forces.— Gravitation and 
Attraction. — Motion and Computa- 
tion OF Resulting Forces. — Accu- 
mulated Work.— Centre and Radius 



OF Gyration. — ^Moment of Inertia. 
—Centre of Oscillation. — Elec- 
tricity. — Strength of Materials. 
—Elasticity. — Test Sheets of 
Metals.— Friction. — Transmission 
OF Power. — Flow of Liquids. — Flow 
OF Gases. — ^Air Pumps, Surface Con- 
densers, &c. — Speed of Steamships. 
— Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes. — Screws, Nuts, Bolt Heads, 
ftc. — Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting. — Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, &c. — 
Examples of Boilers and Speeds of 
Steamships. — Nominal and Normal 
Horse Power. 



Treating of, Power of Boilers. — 
Useful Ratios. — Notes on Con- 
struction. — Cylindrical Boiler 
Shells. — Circular Furnaces. — 
Flat Plates. — Stays.— Girders. — 
Screws. — Hydraulic Tests. — 

With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

\* Opinions of the Press. 

" The book is one which every mechanical engineer may, with advantag^e to himself add to 
his Ubtaxy."—IndustHes. 

" Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
pioduced a volume which will undoubtedly fulfil the desire of the author and become indispen> 
uibue to all mechanical engineers." — Marine Engineer. 

" We have car^uUy examined this work, and pronounce it a most excellent lefierence book 
or the use of marine engineers." — ^onrttal ojT Atnerican Society o/ Naval Engrineers. 

" A veritable monument of industry on the part of Mr. FoIe>, who has succeeded in producing 
what is simply invaluable to the engineering profession."— ^/^MimxAt^. 

Coal and Speed Tables, 

A POCKET BOOK OP COAL AND SPEED TABLES, for 

Engineers and Steam^usets. By Nelson Foley, Author of " The Mechanical 
Engineer's Reference Book.** Pocket-sise, 3s. 6d. cloth. 

" These tables are designed to meet the requirements of every-day use ; they are of suffi- 
cient scope for most practical purposes, and may bo commanded to engineers and users of 
steam.r— /fVM 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley has comi* 
pOed a very useful set of tables, the information conteined in wmch is frequently required by 
engineess, coal consumers and users of steam."— /roM attd Coal JVatUs JUview, 



Steam Engine. 

TEXT-BOOK ON 



THE STEAM 



ENGINE. With a Sup- 
plement on Gas En^nes, and Part II. on Heat Engines. By T. M. 
GooDEVE, M.A., Barnster-at-Law, Professor of Mechanics at the Royal 
College of Science, London; Author of "The Principles of Mechanics," 
" The Elements of Mechanism," &c. Twelfth Edition, Enlarged. With nu- 
merous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has ^ven us a treatise on the steam engine which will bear comparlMn 
with anything witten by HuiEley or Maxwell, and we can award it no higher pniso."—EfurSso*r. 
" Mr. Goodeve's text-book is a work of which every young engineer should possess himsell." 
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Qa8 Engines* 

ON GAS-ENGINES, With Appendix describing a Recent 

Engine with Tube Igniter. By T. M. Goodbvb, M.A. Crown 8vo, as. 6d, 

cloth. ijws/ published, 

" Like an Mr. Goodevei writings, the present b no exception In point of general ezceUenca. 

It Is a valuable little ▼oluxne."~ilf«<Aa»i(»/ fFerld, 

Steam Engine JDesign* 

A HANDBOOK ON THE STEAM ENGINE, with especial 
Reference to Small and Medium-sized Eneines. For the Use of Engine- 
Makers, Mechanical Draughtsmen, Engineering Students and Users of Steam 
Power. By Herman Hasdkr, C.E. English Edition, Re-edited by the 
Author from the Second German Edition, and Translated, with considerable 
Additions and Alterations, bv H. H. P. Powles, A.M.I.C.E., M.I.M.E. With 
nearly z,ioo Illustrations. Crown 8vo, 95. cloth. 

" A penect encyclopaedia of the steam engine and its details, and one which must take a per* 
manent place in English drawing-offices and worlcshops." — A foreman Pattem-tnaker. 

"This is an excellent book, and should be in the nands of all who are interested in the con- 
struction and design of medium-sized stationary engines. ... A careful study of its contents 
and the arrangement of the sections leads to the conclusion that there is probably no other book 
like it in this country. The volume aims at showing the results of practical experience, and it 
certainly may claim a complete achievement of this idea." — Nature. 

" There can be no question as to its value. We cordiallv commend it to all concerned in the 
design and construction of the steam engine."— ilf«cAa»«ai/ JVorld. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
sirucHon, and Economical Working, By Robert Wilsom, C.B. Fifth Edition. 
« zamo, 6s. cloth. 
*'The best treatise that has ever been published on steam boBers."— Jgyy i watr. 
"The author shows himself perfect master of his subject, and we hearely recommend all em- 
ploying steam power to possess themselves of the wogk."—J!yiaHd's Iron Trmdt Cirat/ar, 

Bailer Chim,neys. 

BOILER AND FACTORY CHIMNEYS; ThHr Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.f.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3^. 64. cloth. 
*' A vahiable contribution to the literature of scientific building."— TA^ Builder, 

Boiler Making^ 

THE BOILER-MAKER'S READY RECKONER * ASSIST^ 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 lUusts. Fcap. 8vo, 7s. halif-bound. 
" No workman or apprentice should be without this book."— /fvi» 7^ ode Circular, 

Locom^otive Engine JDevelopment. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT, 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1894. By Clement E. Stretton, C.E., Author of ** Safe 
Railway Working," &c. Third Edition, Revised and Enlarged. With 95 
Illustrations. Crown 8vo, 2s. 6d. cloth gilt. [Just published, 

" Students of railway history and all who are interested in the evolution of the modem locomo- 
tive will find much to attract and entertain in this volume."— 7Vi(« Times. 

" The author of this work is well known to the railway world, and no one probably has a 
better knowledge of the history and development of the locomotive. The volume before us 
should be of value to all connected vrith the railway system of this country."— A^ia/wr^. 

Estifnating for Engineering Work, die. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, 125. cloth. 
" This is an excellent and very useful book, covering subject-matter in constant requisition to 

every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 

also to the estimate department of every vrorks."— Builder. 

"We accord the work unqualified praise. The Information Is given In a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every phase of commercial engineering."— AfMAawtfco/ fVorld. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES, With 
a History of Fire-Bngiiies, their ConstmctioB, Use, and Management: Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire-Bri|;ades, &c. &o. By Charlbs F. T. Young, CE. With 
numerous Illustrations. 544 pp., demj 8vo, £j 45. cloth. 
" To those interested in the subject of fins and fire appantns, we most heartlljr commend this 

book. It is the only English work we now have upon the subiect.^— Snginuritt^. 

" It displays much oTidence of careftil research ; and Mr. Young oas put his fiacts neatly 

together. His acquaintance with the practical details of tlie construcnon ol steam fire engines. 

old and new, and the conditions with which it Is necessary they shoufil comply, is accurate and 

fuIL"—£fiitiMur, 

BoUermaking. 

PLATING AND BOILERMAKING : A Practical Handbook 
for Workshop Operations. By Joseph G. Horner, A.M.I.M.E. (Foreman 
Pattern-Maker), Author of "Pattern Making,'' &c. 380 pa^es, with 338 

1; Illustrations. Crown 8vo, yi. 6d. cloth. {Just published. 

" A thoroughl]^ practical, plainly-written treatise. The Tolume merits commendation. The 

author's long experience enables him to write with full knowledge of his subject."— GAzjr^(7w Herald. 

Engineering Canstruetion. 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Types of Engineering Construction, and includine Gearing, both Hand and 
Machine made. Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c.. together with the methods of Estimating "the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By Joseph G. Horner, A.M.I.M.E. (Foreman Pattern-Maker). 
Second Edition, thoroughly Revised and much Enlarged. With upwards of 
4K0 Illustrations. Crown 8vo, 7s. 6d, cloth. {Jitst published, 

"A well-written technical guide,, evidently written by a man who understands and has prac* 

(bed what he has written about. . . . We cordially recommend it to engineering students, young 

loumeymen, and others desirous of behig initiated into the mysteries of pattern-making."— ^«iA£er. 
"More than 4^0 illustrations help to explain tiie text, which is; however, always clear and ex. 

plldt, thus rendermg the work an exceOent vade mtatm for the apprentice who desires to become 

oaaster of his Xn;^'^—Ensrlish Mechanic 

Dictionary of Mechanical Engineering Terms* 

LOCKWOOD'S DICTIONARY OP TERMS USED IN THE 
PRA CTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing OfficOi Pattern Shop, Foundry, Fitting, Turningi Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
Joseph G. Horner, A.M.I.M.E. (Foreman Pattern-Maker), Author of *' Pat- 
tern Making." Second Edition, Revised. Crown 8vo, 75. 6d. cloth. 
"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studies, and 
every foreman engineer and mechanic should have a copy."-^£uiiai*tg' News. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combine with a ddinition of the phrase useful information on the subject of which 
t treaxs."— Machinery Market, 

Mill Gearing. 

TOOTHED GEARING : A Practical Handbook for Offices and 
Workshops. By Joseph G. Horner, A.M.I.M.E. (Foreman Pattern-Maker), 
Author of " Pattern Making," &c. With 184 Illustrations. Crown 8vo, 6s, 
cloth. [Just published. 

Summary of Contents. 



Chap. I. Principles.— II. Forma- 
tion of Tooth Profiles.— III. Pro- 
portions of Teeth.— IV. Methods 
OF Making Tooth Forms.— V. Invo- 
lute Teeth.— VI. Some Special 
Tooth Forms.— VII. Bevel Wheels. 
— VIII. Screw Gears. — IX. Worm 
Gears.- X. Helical Wheels.— XI. 
•.--.lliJ^lJ^^lS^S u^ book our anqualified praise for Its thoroughness of treatment, and we can 
^Sl!f£S?^2fc interested as the most practical book on the subject yet wrtttwi."- 



Skew Bevels^— XII. Variable and 
other Gears. — XIII. Diametrical 
Pitch.— XIV. The Odontograph.— 
XV. Pattern Gears.— XVI. Machine 
Moulding Gears.— XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 
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Stone^working Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
cal Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. Bv M. Powis Bale, M.I.M.B. With lUusts. Crown Hvo, 9s. 
"The book should be ui the bands of erery mason or student of stone>woric"— CfMCrry 

" A capital handbook for all who manipulate stone fer buUdlnsr or ornamental purpoMa.*** 
Machinery Market, 

Pump Construction and Management. 

PUMPS AND PUMPING : A Handbook far Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale, 
M.I.M.E., Author of " Woodworking Machinery," " Saw Mills," Sec, Second 
Edition, Revised. Crown 8vo, 25. od. cloth. 
"The matter is set forth as concisely as possible. In fact, condensation rather than dlfiuseness 

has been the author's aim throug^hout ; yet he does not seem to have omitted anything likely to be 

of \xsi&,"—youmalo/Gas Lightine. 

" Thorouglily practical and simply and clearly written."— CJSaj^^v; Herald, 

MUUng Machinery, etc, 

MILLING MACHINES AND PROCESSES: A PracHcal 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work,'^ " Handybooks for Handicrafts," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 35a 
pages, 125. 6d. cloth. * 

" A new departure in engineering literature. . . . We can recommend this work to all 

Interested in milling machines ; it is what it professes to be— a practical treatise."— Ensineer. 

" A capital and reliable book, which will no doubt be of considerable service, both to those 

who are already acquainted with the process as well as to those who contemplate its adoption." 

/Hd$u(ries. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning, By Paul Ni Hasluck. 

Fifth Edition, Revised and Enlarged Cr. 8vo, 5s. cloth. 

" Written by a man who knows, not only now work ought to be done, but who also knows how 
to do it; and how to convey his knowledge to others. To all turners this book would be valuable." 
—Bfii^iHeeriHg'. 

" We can safely recommend the work to ]roung engineers. To the amateur It win dmplf be 
invaluable. To the student it will convey a great deal of usefiil information."— ffV^MMr. 

8crew-Cutting. 

SCREW THREADS : And Methods oj Producing Them, With 

Numerous Tables, and complete directions for using Screw-Cutting Lathes. 

By Paul N. Hasluck, Author of " Lathe- Work," &c. With Seventy-four 

Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 

IS. 6d, cloth. 

" Full of useful information, hints and practical criticism. Taps, dies and screwlng-tools gen» 
rally are illustrated and their action described." — Mechanical World. 

" It is a complete compendium of all the details of the screw-cutting lathe ; In fact a multum 
inparvo on all ttie subjects it treats upon." — Carpenter and Builder, 

BmAtWs Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, FoRMULiB, and 
Memoranda. Waistcoat-pocket size, is. 6d, limp leather. 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL en^neers as it would be to make a uniyersal medicine ; but Mr. Smith's waistcoat* 
pocket collection may be looked upon as a successfuTattempt."— £/«f't>K«r. 

"The best example we have ever seen of 270 pages of useful matter packed Into the dimen. 
ilons of a caxd-case."— Building News, "A veritable pocket treasury of knowledge."— /r«H. 

French-English Glossary for Engineers, etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH; with Tables SMitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
SCO pp. Waistcoat-pocket size, is. 6d, limp leather. 

" It is a very great advantage for readers and correspondents in France and England to have 
•o large a number of the words relating to engineering and manufacturers collected m a UUputlan 
volume. The little book will be useful both to students and txaLyeHers."— Architect. 

" The glossary of terms is very complete, and many of the tables are new and wdl arranged* 
We cordiaQy commmd the book,''~'MechaHieal fVerld, 
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Tear-Book of Engineering Formulm^ <§c. 

THE ENGINEER'S YEAR-BOOK FOR 1895. Comprising 
FormulaB, Rules, Tables, Data and Memoranda in Civil, Mechanical, Elec- 
trical, Marine and Mine Engineering. By H. R. Kkmpb, A.M. Inst.C.B., 
M.I.E.E., Technical Officer of the Engineer-in-Chiei 's Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket- Book," &c. With 7^0 lUnstrations, speciallr 
Engraved for the work. Crown 8vo, 650 pages, 8s. leather. \Just published, 
" Represents an enormous quantity of work, ana forms a desirable book oTreference."— T'Ac 
Efigituer. 

•* The book is distinctly in advance of most similar publications in this country. "StieiHteritV' 
" This valuable and well-designed book of reference meets the demands of all descripti<ms ol 
tmgbieeis."— Saturday Review. 

"Teems with up-to-date information in every branch of engineering and construction.''— 
Building News. 

" The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
highest sort, and that may justly be said of it." — Minings yourttal. 

" There is certainly room for the new comer, which supplies explanations and directions., as 
well as formulae and tables. It deserves to become one of the most successful of the technical 
waauais."— Architect. 

" Bringrs together with great skill all the technical biformation which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successful."— Scotsfnan. 
" The up-to-dateness of Mr. Kempe's uimpilation is a quality that will not be lost on the busy 
people for whom the work is intended." — Glasgow Herald, 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dysom Wamsbrough. With 90 lUustra- 
tions. Crown 8vo, 3s. 6d, cloth. 

" This is a work of value to those who use steam machinery. . . . Should be read by eTefSr- 
one who has a steam engine, on a farm or elsewhere."— Afar/( Lane Ej^ress. 

" We cordially conunend this work to buyers and owners of steam engines, and to those who 
have to do with their construction or use."— Ttmder TreuUs JoumaL 

" Such a general knowledge of the steam engine as Mr. Wansbrongh furnishes to the reader 
riuiuld be acquired by all intelligent owners and others who use the steam ttofpsM,"'— Building News, 

" An excellent text-book of this useful form of engine. ' The Hints to Purchasets ' contain a 
good deal of commonsense and practical wisdom,"— English Mechanic 

Iron ana Steel* 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory^ 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills : Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Crarlbs Hoare, Author ot 
"The Slide Rule," &c. Eighth Edition, Revised throughout and considerably- 
Enlarged. 32mo, 6s. leather. 

** For comprehensiveness the book has not its equal."— /ron. 
•' One of the best of the pocket hoo)a."— English MeOuinic. 

*' We cordially reconunend this book to those engaged In oraisIdeiInK the detaOs of all kinds of 
iron and steel •mxt)a."—Nav«U Science, 

Elementary Mechanics. 

CONDENSED MECHANICS, A Selection of Formulae, Rules, 

Tables, and Data for the Use of Eng^eering Students, Science Classes, &c. 

In Accordance with the Requirements of the Science and Art Department. 

By W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, as. 6d. cloth. 

" The book is well fitted for those who are either confronted with practical problems In their 

work, or are preparing for examination and wish to refresh their knowledge by gomg through their 

formulae again." — Marine Engineer. 

" It is well arranged, and meets the wants of those for whom it is intended."— Xatfwaty News, 

Steam. 

THE SAFE USB OF STEAM. Containing Rules for Un- 
professional steam-users. By an Enoinbbr. Sixth Edition. Sewed, M. 
" If steam-users would but learn this little book by heart, boUcr explosions would becotae 
sensations by their nxity."—Efiglish Mechanic 

Warm^ing. 

HEATING BY HOT WATER; with Information and Sug- 

festions on the best Methods of Heating Public, Private and Horticulfurii 
uildiMgs. By Walter Jones. Second Edition. With 96 lUnslrations. 
Crown 8vo, 2s. 6d. net. 
. '*y« coi^denUy recommend all interested In heating by hot water to leeue a copy of tbh 
~'"~ble Uttle treatise. "-77ie Plumber and Decorator. ' '^ "*" '^'^ *• ""'^ * '^'^ "■ "■ 
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Water Supply and Water-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS: A Practical Treatise for (he Use ol 
Eagiiieeri and Students of Engiaeerlng. By W. K. Durtoh, A.M. Inst C E., 
Prdeuor of Suilary Engineering in the Imperial University, Tokja. Japan, 
and Cooiulting Engineer la the Tokyo Watec-woilis. Wilb an ,' " - 

the EOiHta of Borthquakasoii Watsrwoika. by]oHTi Mii-ns, 
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Z%« Water Supply of Cities and Towns, 

A COMPREHENSIVE TREATISE m the WATER-SUPPLY 
OP CITIES AND TOWNS. By William Humbsr, A-M.Inal.C.H., ud 
M. Insl, M.B., Author of "Cast and Wrought Iron Bridge Conatiuction," 
ftc. &c. lUusIralBd with JO Double Plates, i Single Plata, Coloarwl 
Frontispiece, and upwardi ot 15a Woodcuts, and coDtaining 400 pages 0< 
Ten. Imp. tto, b. slagantly and subsianliall; half-bound m morocco. 
. . _ Luta/ Cottltnu. 
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Water Supply. 

RURAL WATER SUPPLY: A Practical Handbook on 
SupplyofW 
By Allan ( 
Witb lllusir 

Bydravlic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULM 
forjmdair Iki Dischargco/ Walir from Onfim, NoUha, Wiirs.Fipa, ami 
Sivtn. With New Fortnola, Tablei, and General laformation on Rainfall. 
Calchmanl-Bssini, DninuB, SewerUB, Water Supply for Tonus and Mill 
Power. Bj JoBM Nmus,a*ilSn2iiWT.M.I{.LA. Third Ed., caiefclW 
RsTiMd.mtb uuldsnUaAd^biHU. llnmeroiu lllnitt. Cr. Bvo, iti^cloth^ 

Sli^AMiiSoBlh 



[■. Curry, A.M.I.C.E., F.G.S. 
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HydratUics* 

HYDRA ULIC MANUAL, ConsistiDg of Working Tables and 
Explanatory Teact. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of ** Aid to Survey Practice," 
** Modem Metrology," &c. Fourth Edition, Enlarged. Large cr. 8to, i6s. cl. 

" The author has had a wide experience fai hydraulic engineering and has been m careful ob- 
lenrer of the facts whidb have come under his notice, and from the great mass of material at his 
coDunand he has constructed a manual which mav be accepted as a trustworthy guide to this 
branch of the engineer's profession. We can heaitfly recommend this rolume to all who desire to 
be acquainted wtth the latest development of this Important suh}ect."—Ett/ritueriti£. 

" The standard>woric in this department of mechanics."— 5<v/x«Ma». 

" The most useful feature of this work is its freedom from wliat Is superannuated, and Its 
thorough adoption of recent experiments ; the text ii| in &c^ in great pert a short account of the 
great modem ezperimeiits."— iViate^v. 

Water Storage^ Conveyance^ and Utilisatianm 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. Bv Charles Slagg, A.M.Inst.C.E., 
Author of "Sanitary Work in the Smaller Towns, and in Villages," &c. 
Second Edition. With numerous Illustrations. Crown 8vo, 7s. 6d. cloth. 

" As a small practical treatise on the water supply ot towns, and on some applications 01 
water-power, the work is in many respects excellent.' — Engineerings. 

"The author has collated. the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very dear 
and detailed explanations. . . . The implication of water as a motive power is treated very 
carefully and exnaustiyely."— £M^/i!rr. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 
sppUcadons of the science there Is no better guide."— ^ncAAte^. 

Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsby, C.B., Author of **The Practical Railway En- 
gineer,'* &c. Revised, with laree Additions on Rbcbnt Practicb in 
Drainagb Bnginberino, by D. Kinnbar Clark, M.InstC.E. Author ot 
"Tramways: Their Construction and Working," "A Manual of Rules, 
Tables, and Data for Mechanical Engineers," &c. Second Edition, Cor- 
rected. Fcap. 8vo, ss. cloth. 

" The new matter added to Mr. Demps^s excdient work b diaracteilsed by the comptehen- 
iNe grasp and accuracy of detail for which the name of Mr. D. K. Clark is a snffident Toacher."— 
AtMenautn. 

" As a work on recent practice In drainage engineering, the book Is to be commended to all 
who are making that branch of engineering science their special study."— Iron. 

" A comprehensive manual on drainage engineering, and a useful introduction to the itndeat." 
'-Building News. 

Miver Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " IfUiuced Tidal Scour; " with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. 
to the DuDlin Port and Docks Board. Royal 8vo, 7s. 6d, cloth. 
*' We recommend all interested in harbour works— and, indeed, those concerned In the Im« 

provements of rivers generally— to read Mr. Mann's Interesting work on the treatment of river 

tma."— Engineer. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the vanous Modes of Traction, including Horse-Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnbar Clark. M.Inst.C.fi. With numerous 
Illustrations and Folding Plates. In One Volume, 8vo, 780 pages, price 28s., 
bound in buckram. Cj^*^^ publis&ud. 

" All interested in tramways must refer to it, as all raflwiqr engineers have turned to the author's 

work ' Railway hlaxUdaery.'"— Engineer, 

" An exhaustive and practical work on tramways. In which the history of this kind of locomo. 

tlon, and a description and cost of the various modes of laying tramways, are to be found."— 

Building Niw*. 

" The best Ibrm of rails, the best mode of coostrnction, and the best mechanical appliances 

are so fairly indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical Infomation which will be of most MSTice to Un."— 
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student's Text-Book on Surveying, 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survev-work in the Colonies. By Gborgb 
W. UsiLL, A.M.I.C.B., Author of "The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Third Edition, Revised and Enlarged. Including Tables of Natural 
Sines, Tangents, Secants. &c. Crown 8vo, 7s. 6d. cloth ; or, on Thin Paper, 
bound in limp leather, gilt edges, rounded corners, for pocket use, its. 6d. 
" The best forms of Instruments are described as to their construction, uses and modes of 

employment, and there are innumerable hints on work and equipment such as the author, in his 

experience as surveyor, draughtsman, and teacher, has found necessary, and which the student 

n Lis inexperience wiU find most serviceable."— ^w^we^r. 

"|The latest treatise in the Enelish langruage on surveyinsf, and we have no hesitation In say* 

Ing that the student will find It a better gruide than any of its predecessors 

Deserves to be recog^nised as the first book which should be put in the tuuids of a pupil of Civil 

Engineering:, and every gentleman of education who sets out fiv the Colonies would find it well to 

have a copy. "—j4 rcMtea, 

Survey Practice, 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 
linf^, and Setting'Out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.I.C.E., Author of <• Hydraulic Manual," " Modem Metrology," ftc. 
Second Edition, Enlarged. Large crown 8vo, 12s. 6d. cloth. 
"A valuable mde-mecuiM for the surveyor. We can recommend this book as containing an 

admirable supplement to the teaching of the accomplished surveyor."— AtkeHoufn. 

" As a text-book we should advise aU surveyors to place It In their libranes. and study well the 

matured instructions afforded in its pages."— CoUierv (ruardian. 

" The author brings to his work a fortunate unfon of theory and practical experience which, 

aided by a clear and ludd style of writing, renders the book a very useflil otm."—BtMder, 

Surveying, La/nd and Marine, 

LAND AND MARINE SC;i27£7/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr.Svo, 9s. cl. 
** This book must prove of sr^at value to the student. We have no hesitation in recommend- 

ng It, feeling assured ttiat it wiUmore thantepay a careful staAy."— Mechanical World. 

** A most useful and well arranged book. We can stroi^ly recommend it as a carefiilly-wiitten 

and valuable text-book. It en|oys a wdl-deserved repute among surveyors." —Builder. 

* * This volume cannot foil to prove of the utmost practical utffl^. It may be safely recommended 

to all students who aspire to become dean and expert saxweyoa.'— Mining yourntU, 

Field'Booh for Engi/neers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge ana Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. D. Haskoll, C.E. Fourth Edition. Crown 8vo, las. cloth. 
*'The book is very handy ; the separate tables of sines and tangjents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing all the saaDe."—AtAen*tutH, 
"Every person engaged in engineering field operations will estimate the importance of such a 
work and the amount of valuable Ume which will be saved by reference to a set of reliable tablet 
prepared with the accuracy and fulness of diose given in this robuao,"— Railway News, 

Levelling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING. Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr. Telford's Rules for the 
same. ByFRBDBRicKW.SiMMS,F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Travtwinb's Field Practice of Laying-out Circular Curves. With 7 Plates 
and numerous Woodcuts. 8vo, 8s. 64. cloth. \* Trautwinb on Curves 
may be had separate, 5s. 
" The text-book on levelling in most of oar engineering schools and colleges. . . " . The 

pnbllslwrs have rendered a substantial service to the profession, especially to the younfier members. 

by bringing out the present edition of Mr. Simms'i usefiil book "—Engineer. 
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Triatmametrical Surveying. 

AN OUTLINE OP THE METHOD OP CONDUCTING A 




Fourth Edition, Revised and partly Re-written by Major General Sir Charles 
Warsbm, G.C.M.G., R.E. With ig Plates and 115 Woodcuts. Royal 8vo, 16$. 
cloth. 

"ne sfanple bet diat « fcorth edition has been called for is the best testlinony to Its mettti. 
Z^^ ^JuP"! ,5™" "..*=*" strengthen the position so weU and so steadfly maintained by this 
woA. Sir Charles Warren has revised the entire worlc, and made such additions as weie neoosary 
to brin^r every portion of the contents up to the present date" Brmid Arrow. 

Curves, Tables for Setting-^nit. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
QrSetting-out Curves from 5 to aoo Radius, By Alexander Bbajtblet, 
M.lnst.C.B. Fourth Edition, Printed on 48 Cards, and sold in a cloth box. 
waistcoat-pocket size, 3*. 6d. 
•• Each table is printed on a small card, which, betaff placed on the theodolite. leaTes the hands 

Dee to manipulate the tostrument— no small advantage as regards the rapidity o£wotk»''Sn£iMeer. 

K- ^.,ZVX u,°°y ' ' "^ ™*y ^V t»>at ■n his day's work must fell on two of these casds. which 

he puts into his own caid-case. and leaves the test b^biad."—Atk£Haum, 

Earthwork* 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, Ac, of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis Campih, C.E. 
Crown 8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division of each cross section Into three 
elemenu. two in which are constant and one variable, is ingenious."— .^^AtrMOwm. 

Earthwork^ Meastiretnent of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. Second Edition. x8mo, as. td. cloth. 
"A great amount of practical hifbrmatlon, very admirably arranged, and available for roogfa 

•Mmates. asweU as for the more exact calculations required in the engineer's and contractor's 

onices. ^^Aftt MH , 

Tunnelling. 




of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M.Inst.C.E. Third Edition, Revised and Extended by D. Kinnear Ci.ark, 
M.Inst. C.E. Imperial 8vo, with az Folding Plates and numerous Wood 
Engravings, 30s. cloth. 
" The estimation in which Mr. Shams's book on tunneOIng has been held for over thtarty years 

cannot be more truly expressed than in the words of the late Prof. Ranldne :— ' The best source of fa. 

formation or the subject of tunnels is MrJ^.W.Simms'swork on Practical Tunnelling.'"— ^rrAA^e^ 
It has been r^^arded from the first as a text-book of the subject. . . . Mr. Clark has added 

i mm e n sely to the value of the \>o6k."— Engineer. 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practtcaland Theoretical Essay. By J. H. Watson Buck, M.InstC.E., 
Resident Engineer, London and North- Western Railway, Illustrated with 
Folding Plates. Royal 8vo, 124. cloth. 

'• Many of the methods given are of extreme practical value to the mason ; and the observations 

on the form of arch, the rules for ordenng the stone, and the construction of the templates win be 

found of considerable use. We commend the book to the engineering profession."— ^Mt^tftn^ Arwx 

"Will be regarded by civil engineers as of the utmost value, and calculated to save much **"i i 

and obviate many mistakes."— Cotficry GitartUaH. 

Oblique Bridges. 

A PR A CTICA LAND THEORETIC A L ESS A Y ON OBLIQ UB 
?/VS??^ ^^^^ ^3 ^arge Plates. By the late George Watson Buck. 
^•i-^:5:.f°°'.*?.?*^***°°'^®^»s®<^ *»y *»»s Son, J. H. Watson Buck, M.I.C.E. : 
and with the addition of Description to Diagrams for Facilitating the Con- 

'^S^^i^JS^.^SS^^iSi^'S,^'^:!^^^^' ^y ^- H. Barix>w. M.I.C.E. Roy.Wias.cl. 

wouIdSlmSSLiWe*S^cSSStWttS^^ "^"^ "^« *" ^'' ^'**» ""^^ "^ ^ 

lubll^rf ^^v onfli^fnii^Hfr*^ " ''I^^ text-book. and his treatment has divested the 
S2^ . ^«,^£i^, ^.«'^*5?*=**^.s"PPosed to belong to it. As a guide to the engfaeer and aschk 
tect, on a confessedly difficult subject. Mr. Bucks w^k is unsurpaMed.''-JSSS5^^Sw^ ^^ 
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Coat €md Wrought Iran Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts — Theoretical, Practical, and Descriptive. By 
William Humber, A.M.InstC.E., and M.Inst M.£. Third Eaition, Re- 
vised and much improved, with 115 Double Plates (30 oi which now first 
apiiear in this edition), and numerous Additions to the Text. In Two Vola.i 
imp. 4to, £6 16s. 6d. haif-bound in merocco. 

"A very Tsduable coatribution to the standard literature of chrll englneerliig. In addition to 
•levations, plans and sections, large scale details are given which ve^ much ^nh^n/-^^ the Instruc- 
tive worth of those VOustnxionsr—CiviiBnPiHeeraHd Architect's yourMo/. 

"Mr. Hnmber's stately volumes, lately ssued — in which the most important bridges erected 
during the last five years, under the direction of the late Mr. Brund. Sir W. CubittTmr. Hawk, 
iliaw. Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, are 
drawn and specified in great detail."— i?>tfiiMcr. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLiqUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 85. cloth. 

SttUics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS Jn their Practical Appii- 
cation to the Treatment of Stresses in Roofs, Solid Girders, Lattice, Bowstring 
and Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks, 
By R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6s. cloth. 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied." 

"The work Is excellent from a practical point of view, and has evidently been prepared with 
mnch care. The directions for working are ample, and are illustrated by an abundance of wdl* 
selected examples. It is an excellent text-book for the practical dianghtsman."— ^M«m«mm. 

€firderSf Strength of. 

GRAPHIC TABLE FOR FACILTTATING THE COMPUTA- 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M.Inst.CE. On a Sheet, 2S. 6d. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OP STRAINS 
IN GIRDERS AND SIMILARSTRUCTURES,AND THEIR STRENGTH. 
Consisting of Formulae and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humbsr, A-M.Inst.CE., &c. 
Fifth Edition. Crown Bvo, nearly 100 Woodcuts and 3 Plates, 75. td. cloth. 

" The formulae are neatly expressed, and the diagrams fsooA.*'—Athtiunt9H, 
" We heartily commend this really handy book to oar engineer and architect readen.**— i7fv- 
lish Mtchanic 

Trusses. 

TRUSSES OF WOOD AND IRON. Practical Applications oj 
Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction^ with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong Bvo, 45. 6d. cloth. 

" This handy little book enters so minutely Into every detail connected with the construction of 
f trusses, that no student need be ignorant of these matters."— /VacMea/ Engineer, 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Shbilds, M.Inst.C.B. 
Second Edition, with 5 Plates. Royal iSvo, ss. cloth. 
The student cannot find a better little book on this subject."— fw^MMr. 



t4 CROSBY LOCKWOOD S' SON'S CATALOGUE. 
BaHow'88tren0hofMaterial8f enlarged hyHumber. 

A TREATISE ON THE STRENGTH OP MATERIALS; 

with Rules for Application in Architecture, the Constmction of Suspension 
Bridges, Railways, &c. By Pbter Barlow. F.R.S. A New Edition, Revised 
by his Sons. P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments b^ Hodgkinson, Fairbairn, and Kirkaldt; and 
FormulsB for Calculating Girders, &c. Arranged and Edited by Wm.Humbbbi 
A-M.Inst.C.E. Demy 8vo, 400 pp., with zg Uurge Plates and nnmerons Wood- 
cuts, iSs. cloth« 

*' Valuable alike to the student, tyro, and the ezperienoad pnct!tloner. It vfll ahrays tank In 
hitme, as it has hitliertodone. as the standazd treatise on that pardcnlar subject."— £«tfiM«r. 

" There is no neater authority than BuAom."^Buiidin£ News. 

" As a scientific work of the first class, it deserves a foremost place on the booUidves of every 
dML engineer and practical n.>echanic."— ff^/if A Mechanic 

C(Mt Iron and other MetcUs, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS, By Thomas Trbdoold, C.B. Fifth 
Edition, including Hodokinsom's Experimental Researches. 8to. x2s. cloth. 

Bractical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olimthus Gregory, 
LL.D., F.R.A.S., Enlarged by Hsnrt Law, C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast Collegei 
With 13 Plates. 8vo, £1 is. cloth. 

" The engineer or architect will here find ready to his hand rales fbr soMns nearly every mathe* 
matlcal difiicmty that may arise in his practice, ihe rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked out." — Builder. 

"One of the most serviceable books for practical mechanics. . . It is an insbructive book for 
the student, and a text-book for bun who, having once mastered the subjects it treats oC needs 
occasionally to refresh his memory upon them."— ^m^AMmt New*. 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Am- 
defUs: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clbment B. Strbtton, C.E., Vice>President and Con- 
suiting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Third Edition, Enlarged. Crown 8vo, 3s. 6d 
cloth. 

" A book for the ens^tneer, the directors, the managers ; and, hi short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in * Safe Railway WorUnff.' "'-Railway 
Review. 

** We commend the remarks on railway signalling to all railway managers, especially where a 
onlform code and practice is advocated."— ATcr^^a/A'x Railwav youmeU. 

'* The author may be congrratulated on hkyimf collected, in a very convenient form, much 
valuable information on the principal questions afiectinff the safe working of railways."— JEatf* 
way Engineer. 

Heatf Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart* 
ments. Crown 8vo, 35. 6d. cloth. 

Summary op Contbmts. 



Section I. Formulas and Data. 
Section II. MbtalBars, 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal Conductivity. 



Section VI. Mechanical Force of 

Heat. 
Section VII. Work of Expansion 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



> The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
tect can find but little reliable and comprehensive data in hooks."— Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handy 
exposition of the geometrical prindplM involved In these changes."— sSSMArmoM. 

Field Fortification, 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., WooN 
wich. Sixth Edition, Crown 8vo, with separate Atlas of 19 Piate8» Z4S. cloth* 



CIVIL ENGINEERING. SURVEYING, eU. IS 

HR. HUl/BiR'S BREAT WORK ON MQDERH EHBIHEERIHB. 

ComplMela Four Valamei, imparl^ 410, rric« fii m,. lulf-morocoa B>Ob 
Volams sold aeptzuAj u foUgwi :— 
A RECORD OP THE PROGRESS OF MODERN ENGINEER- 
ING. FiBST SiuBB. CompriBing Civil, Mechanluj, Uuisa, Hidnulio, 
Railwa7, Bridge, sad olber giieineeriDg Worki, Ac. Bt WiLLitu Huumi, 
A-U.Iaat.CE,, &c. Imp. 41a, wiih 56 Double Plates, driAn 10 > luge mla, 
Pbotogiaphic FortTHit of JohD Hawkshiw, C.B., P.R.S., Ac, end coplosi 
descriptive Letteipcesa, Specificstioas, Ac, £3 31, ludi^moiocoo, 

tul 0/ (** Plaltt and Diagrami. 

VlctDdaSlatfoaiDdKAOt L-fi-flrS.C.R, 1 Tlumai, Wat Loodoa Hitea*» IUlh4* tt 

nvltfimii SfHithport Ott it pUtet}; \ncItiriA pUi««): Aimatu PUW; SuipAT^on Bridn, 

■IHknud SsofTU C A & iwl C. W, R.ll Thorns It plaUi): Ttu AU^ Hciriui) Six 

IlMWi RiHtefeniiKimaHulcfUtliBridis «ni!™ BAtt, At™ (j iili ^^^ ~- 

•n&N.Rtf«n; Roofsf SUUon. Diiiai tuUni l3 (&»■). 
ItnnM Rifi ^pU«)f tMft o?af tht I 

mckn for Qunr bLpmut tlvlavadDB iniAt,"-^i^iH44r. 

BOMBERS PROGRESS OP MODERN ENGINBEBING. 

Secqhd Sebiks. Imp. tto, with 3S Double Platea, Photogrspblo Poitcalt of 
Robert Stephenitm, C.E., M,P., P.R.S. , Ac, aad c«pioai dsKrlptiTe L«nar- 
preiB, Speoficatiimi. &c., £3 39. balf-morocca. 

Litl 0/ the Plaltt and Diagraau. 

Oimtemi; during Crui Stadon Koof, C. C UaithFr. Tr«cWu, tnd Ab««TVUi* R>B^ 

RlOnr I3p1't«); rHpitdl Vladud, Cnu inri Ci>ll«r#<»d VlidUct, tiin»dlR>U' 

NoiUwn^itlnri KcBbeiT Wosd VUdncl. my; DutilB Wbwr rUme Rmf Js pbml I 

Grttf Nortlieni RaUw«f ! Iron remu^sit Bddn oru tba Thims. L. C. & D. RiflnT 

Wmji Cljduli Vliducl. MuUiii. Tradc£>i, I (tp^ua)^ AlbBtHubmii. CcHnDckdpluerf. 



HUMBER'S PROGRESS OP MODERN ENGINEERING. 
TuiBD SBBII3. Imp. tto, wltb 40 Double Platea, PhoioErapblc Portiail of 

i, R. M'Clean, laie Pras. Init. C.E., and copiouB deBCripUva LetteiiireHi 
peeiGcBlioiu, &c, £i 31. half-morocco. 



BOMBER'S PROGRESS OP MODERN ENGINEERING. 

Fourth SaiiEB. Imp. 410, with 36 Double Platea, Photograpbic Portrait ot 

Jobn Fowler, late Prei. last. C.E., and copioaa deacriptiVB Leilerpcetl, 
peciAcationg, &c., £i 31. hslf-moroccD. 

List 0/ IHt Plattt and Diagrami. 

■OiMjTsi.Cwnui^ 



dGShI] BUnqub Vladua.'switlin uuI VmC 
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i6 CROSBY LOCKWOOD ^ SON'S CATALOGUB. 
THE POPULAR WORKS OF MICHAEL REYNOLDS 

("Thb £mqinb Dritsr'8 FsiBMO")i 

Loeofnotive'JEngine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 
Bngmeers in charge of Locomotive Bneines. By Michasl Rbtmolds, Member 
ot ine Society of Ensineers, formerly Liocomotive laspector L. B.and S.C. R. 
Ninth Edition, including a Key to thx Locomotivb Enoiiib. With llli»* 
trations and Portrait ot Author. Crown 8vo. 4s. 6d. clotn. 
"Mr. Reynolds has supplied a want; and has supplied it wdL We can confidently tecoamend 

the boolc, not only to tlie practical driver, but to •vetyone who takes an latoiest In the pecfimoance 

of Jocomotire ensiaes."— TViv Efurifit*i^» 

" Mr. Reyn^s has opened a new chapter In the Bteratneof the day. Of the practical utility 

of this admirable treatise, we have to speak in terms of warm commendation."— ^tJunaufn. 
" Evidently the work ot one who knows his subject thoroaghly.'— JtaUway Servia Gojuitt. 
"Were the cautions and rules given in the book to become part of the every-day woridng of 



onr entpne-diiver^ we vaight have fewer dIstresdnK accidents to deplore.' 

Stationttry JElngine Ihriving, 

STATIONARY ENGINE DRIVING : A Practical Manual for 

Enginurs in charge of Stationary Engines. By Michabl Rbtmolds. Fifth 
Edition. Enlarged, with Plates and Woodcuts. Crown 8vo,j|s. &f. cloth. 

"The author is thoroughly acquainted with his subjects; and his advice-«n the various points 
treated is clear and practicaL ... He has produced a manual which Is aa exceedingly nsefol 
one for the class for whom it is spedally bi.tended,"—EttgiH€erin£'. 

"Our author leaves no stone unturned. He Is determined that Us readers shall not only know 
iomi>t*<<pg about the stationary engine, but all about it."—SH£iMe*r. 

"An engineman who has mastered fbe contents of Mr. Reynolds's book will require but Uttie actual 
experience with boilers and engines before he can be trusted to look after fheaL.''—£n£U*Mf'eckai$ic, 

The JEngineer, JB%renicMfif and Engine^Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 

ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 

Engines and their Inventors. By Michabl Rbvnolds. Second Edition, with 

Revised Appendix. With numerous Illustrations and Portrait of C^eorge 

Stephenson. Crown 8vo, 4s. 6d. cloth. [Ji*st published. 

" From the technical knowledge of the author it will appeal to the railway man of to-day more 

forcibly than anything written by Dr. Smiles. . . . The volume contains mformatioB of a tech* 

nical kind, and mcts that every driver shoukl be fiunOiar with."— £>v/irA Mecfutnlc 

"We should be glad to see this book fai the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine. ">-/rvft. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michabl 
Reynolds. Large crown 8vo, 9s. cloth. 

" A popular explanation of the different brakes. It will be of great assistance In forming pvbHc 
opinion, and will l>e studied with l>enefit by those who take an mterest in the htak»,"—Sfi£lish 
Mechanic. 

"Written with sufBdent technical detail to enable the principle and relative connection of the 
various parts of each particular brake to be readily graspeo."— ArccAoffiei*/ World. 

Engine'Ihriving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 

in the Lives of Locomotive-Engine Drivers. By Michabl Rbymolds. Third 

and Cheaper Edition. Crown 8vo, is. 6d. cloth. [Just published. 

" From first to last perfectly foscinating. Wilkie CoIHns's most tiurHling conceptions are thrown 

Into the shade by true incidents, endless in their variety, related in every page."— North British Mail. 

"Anyone ^o wishes to get a real insight into railway life cannot do better than read * Engine* 

Driving Life' for himself ; and if he once take it up he will find that the author's enthusiasm and real 

love of the engine-driving profession will carry him on tiU he has read every paga.'*-^Saft«rvfa(y iZcvtfn*. 

Pocket Companion for Enginemen, 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINBMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Third Edition, Revised. Reysu x8mo, 3s. 6d,, 
strongly bound for pocket wear. 

This admirable work is well suited to accomplish its object, t>eing the honest workmanship of 
competent engineer." — GUisgpow Herald. 

" A most meritorious worK, giving in a succinct and practical form all the Information an engine 
mlndor desirous of mastering the scientific principles of his dally calling would require." — The 
Miller. 

" A boon to those who are striving to become efficient mechanics."— Zte^ CkronteU, 
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MARINE XNGINEERINq, BHIPBUILDINO, 

N AVIGATION, e tc. 

Pocket'Boohfar Na/val Architects and ShipbuiMers, 

THE NAVAL ARCHITECT'S AND SHIPBUILDEWb 
POCKET-BOOK of Portnula,Rules. and Tables^and MARINE BNGINEER*5 
AND SURVEYOR'S Handy Book 0/ Reference, By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fifth 
Edition, Revised and Enlarged to 700 pages, with upwards of 300 lUustra- 
tlons. Fcap., las. 6d, 8trongl> bound in leather. 

Summary of Contents. 



Signs and Symbols, Decimal Frac 
TioNs. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments op Figures. — 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions for Simpson's Rules.— Me- 
chanical Principles. — Centre of 
Gravity.— Laws of Motion.— Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship's Hull. 
— Stability Curves and Metacbn- 
TRBs. — Sea and Shallow-water 
Waves,— Rolling of Ships.— Pro- 
pulsion AND Resistance of Vessels. 
— Speed Trials.— Sailing, Centre 
of Effort.— Distances down Rivers, 
Coast Lines. — Steering and Rud- 
ders OF Vessels. — Launching Cal- 
culations AND Velocities,— Weight 
OF Material and Gear.— Gun Par- 
ticulars AND Weight,- Standard 
Gauges.— Riveted Joints and Rivet- 
ing, — Strength and Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc. — Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic DatAi ETC— Conic Sections, 
Catenarian Curves.— Mechanical 
Powers, Work.— Board of Trade 
Regulations for Boilers and En- 
gines.— Board OF Trade Regula- 
tions for Ships.— Lloyd's Rules 



FOR Boilers.— Lloyd's Weight of 
Chains. — Lloyd's Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests.— 
Seasoning Preserving Timber.— 
Measurement of Timber. — Alloys, 
Paints, Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power, Screw Propellers, etc.— 
Percentages for Butt Straps, etc. 
— Particulars of Yachts.— Masting 
AND Rigging Vessels. — Distances 
OF Foreign Ports. — Tonnage 
Tables. — Vocabulary of French 
AND English Terms. — English 
Weights and Measures. — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money.— 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— ^Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences OF Circles.— Tables of 
Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers. — Tables 
OF HyperbolicLogarithms. — ^Tables 
OF Natural Sines, Tangents, etc.— 
Tables of Logarithmic Sines, 
Tangents, etc. 



" In these days of advanced knowledge a work like this is of the greatest yalue. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbililder, can afford to be without this vrork."—J^auNcai MagaMine. 

"Should be used by all who are engaged in the construction or designs of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 




data for 
Ivlnemany of the numerous problems that present themselves in the course of his work." — Iron. 
"There is no doubt that a pocket-book of this description must be a necessity in the ship* 
building trade. . . . The vcuume contains a mass of useful information clearly expressed and 
presented in a handy form."— Marine EngtMur, 

Marine Bh^gineering. 

MARINE ENGINES AND STEAM VESSELS (A TreaHse 
on). By Robert Murray, C.E. Eiehth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. lamo, 5s. cloth boards. 
" Wen adapted to give the jroung steamship engineer or marine engine and boiler maker a 
general introduction into his prarac^work."— JVccAaMAw/ IVorld, 

' • We feel sure that this thoroughly revised edition wUl conthiue to be as popular in the future 
as it has been in the part, as, for its sise, it contains more useful information than ny sunilar 
treatise. "—Industries, 

" As a compendious and useftil guide to engineers of our mercantile and royal naTal services, 
we should say it cannot be surpassed."— ^w</tfm^ News. 

*' The Information given is both sound and sensible, and well qualified to direct young sea- 
going hands on the straight road to the extra chief 's certificate. . . . Most useful to surveyors, 
bispecton, dnuightsmen, and young e n g i nee r s."— CAwgwg HtrmUL 



i8 CROSBY LOCKWOOD » SON*S CATALOGUE. 
English^French IHctianary of Sea Terms, 

TECHNICAL DICTIONARY OF SEA TERMS, PHRASES 
AND WORDS USED IN THE ENGLISH & FRENCH LANGUAGES. 
(English-French, French-English). For the Use of Seamen, Engineers, 
Pilots, Ship-builders, Ship-owners and Ship-brokers. Compiled by W 
PiRRiE, late of the African Steamsliip Company. Fcap. 8vo, 5s. cloth limp 

\Just pt^lished. 

Fochet~Boo1c for Marine Engineers. 

A POCKET-BOOK OP USEFUL TABLES AND FOR- 
MULJB FOR MARINE ENGINEERS. By Frank Proctor, A.I,N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s. 
"We recommend it to our readers as goins^ far to supply a lon^-felt want."— 'Naval Scienet, 
"A most useful companion to all marine engineers."— CwcM^Mrvio GoMietth 

Introduction to Marine Engineering* 

ELEMENTARY ENGINEERING : A Manual for Young Marins 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management ol 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tablest By John Sherrbn Brswer, Government Marine Surveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, 25. cloth. 

" Contains mucli valuable information for the class for whom it is intended, especially In the 
chapters on the management of boilers and engines."— iVawMto/ Jlfa^azin*, 

** A useful introduction to the more elaborate t9xt-\)oo'ks."—Sc»/SfnaH. 

" To a student who has the requisite desire and resolve to attain a thorongh knowledge. Mr. 
Brewer offers decidedly useAU htlp,"^AtM€ntmtn, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 
Sea-Book, by James Greenwood and W. H. Rossbr \ together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R. Young. Illustrated. i2mo, 7S. 
strongly half-bound. 

Sailmaking. 

THE ART AND SCIENCE OF SAILMAKING. By Samuel 
B. Sadler, Practical Sailmaker, late in the employment of Messrs. Ratsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, 125. 6d, cloth. 

Summary of Contents. 
Chap. I. The Materials used and 



THEIR Relation to Sails.— II. On 
THE Centre of Effort.— III. On 
Measuring.— IV. On Drawing.— V. 
On the Number of Cloths required. 



—VI. On Allowances.— VII. Calcu- 
lation OF Gores.— VIII. On Cutting 
Out.— IX. On Roping.— X. On Dia- 
gonal-Cut Sails.— XI. Concluding 
Remarks. 



This workis very ably written, and is illustrated by diagrams and carefiiUy-worked calcula- 
dons. The work should be m the hands of every saihnaker, whether employer or emoloved as it 
caimot fail to assist them in the pursuit of their important aivocatioas."—/sig oy fViP'ht//era/d 

" This extremely practical work gives a complete education in all the branches of the manu- 
facture, cutting out, roping, seaming, and goring. It is copiously iUustrated, and wiU form a first- 
rate text-book and z^nCi^."— Portsmouth Times. 

, '.' The author of this work has rendered a distinct service to all interested in the art of saU- 
making. The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker 
and has devoted years of careful observation and study to the subject : and^the resists of the 
experience thus gained he has set forth in the volume before v&:'— Steamship, 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Weldmg Links, Strength of Cables and Chains. 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testins' 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill. F.B R. N 
M. Inst. C.E., Engineer Surveyor in Chief; Board of Trade, Inspector of 
Cham Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. FoUo, £% a*, doth 
It «>ntoins a vast amount of valuable Information. Nothlng%4ms to be WeSJww mSe k 
a complete and standard work of leferaaoe on the subJect."-I]S^iSfifcf5wriJfc^ ^^ 



hiimNG And metallurgy. tg 

MINING AND METAL LURGY, 

Mining Machinery, 

MACHINERY FOR METALLIFEROUS MINES : A Practical 
Treatise for Minine Engineers, Metallurgists, and Managers oi Mines. By 
E. Henry Davies, M.E., F.G.S. Crown 8vo, 580 pp., with upwards of 300 
Illustrations, 125. 6d. clothi [yust published, 

" Mr. Davies, in this handsome volume, has done the advanced student and the manaffer of 

mines good service. Almost every kind or machinery in actual use is carefully described, and the 

woodcuts and plates are good." — Athenautm 

" From cover to cover the work exhibits all the same characteristics which excite the confi- 

dence and attract the attention of the student as he peruses the hrst page. The work may safely 

be recommended. By its publication the literature connected with the industry will be enriched, 

and the reputation of its author enhanced."— A/t»»4^ ^onmaL 

"Mr. Davies has endeavoured to bring before his readers the best of everything in modem 

mining appliances. His witrk carries internal evidence of the author's imj^rtiaiity, and this con- 

stitutes one of the Great merits of the book. Throughout his work the criticisms are based on his 

own or other reliame experience.' —Iron and Steel Trades' yournak 

" The work deals with nearly every cUss of machinery or apparatus likely to be met with or 

required in connection with metalliferous mining, and is one which we have every confidence in 

recommending."— PrdMMoi/ hngineer. 

MetaUiferous MineraUa and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining En^neer, &c., Author oi "A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Henry Davies, M.E., F.G.S. with about 
150 Illustrations. Crown 8vo, 125. 6d, cloth. 

"Neither the practical miner nor the general reader Interested In mines can have a better booh 
or his companion and his gaide."—M'iHifur youmal, [Mining^ World. 

"We are doing our readers a service in calling their attention to this valuable work." 
" A book that will aot only be useful to the geologist, the practical miner, and the metallurgist 
but also very interesting to the general public." — Iron. 

" As a history of the present state of mining throughout the world this book has a real value 
and It supplies an actual yna!u"—AthtHeeutn, 

Ea/rthy Minerals and Mining. 

A TREATISE ON EARTHY 6- OTHER MINERALS AND 
MINING, Bv D. C. Davies, F.G.S., Author of '< Metalliferous Minerals,' 
&c. Third Edition, revised and Enlarged, by his Son, E. Henrv Davies, 
M.E., F.G.S. With about zoo Illustrations. Crown 8vo, 12s. 6d. cloth. 
*' We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient form,"— Academy. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
manuals which have recendy appeared."— ^rMrA Quarterly RevUw, 

MetaUiterous Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the Histoty, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt. F.R.S., Editor of " Ure's Dictionary of Arts, 
Manufactures, and Mines," &c. Upwards of 950 pp., with 230 Illustrations. 
Second Edition, Revised. Super-royal 8vo, £2 2S. cloth. 

"One of the most valuable works of reference ot modem times. Mr. Hant as Keeper of Mining 
Records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else 
and has evidently made the most ot them. . . . The language and style aidopted are good, and 
the treatment of^the various subjects laborious, conscientious, and scientific." — Bngineerinsr. 

"The book Is, in fact, a treasure-house of statistical information ou mining subjects, and we 
know of no other work embodying so great a mass of matter of this kind. Were this the only 
merit ef Mr. Hunt s volume, it would be sufficient to render it indispensable in the library of 
everyone interested in the development of the mining and metallurgical industries of this country. 
— Atkenaufn. 

" A mass of Information not elsewhere available^ and of the greatest value to those who may 
be Interested in our great mineral ladvstties."--£n£i?teer. 

Underground I^umping Machinery. 

MINE DRAINAGE, Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number olthe best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MiCHELL. 8vo, 15s. cloth. 
"Will be highly esteemed by colliery owners and lesseei^ mining enslneers, and students 

generally who require to be auiqiuunted wiu the best means of securing the arainage of mines. It 

b a most valuable work, and stimds almost alone la the literature of steam pumping machinery.— 

C^iery Guardian, 

" Much valuable hifbrmatlon Is ghren, so that the book b thorotufhly worthy of an extensive 

clrcolation amongst practical men and purchason of machinery."— if dwirv l^oumai. 
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BrospeeHng far Qoid and other Metais, 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
•pector and Traveller in Search of Metal-Bearing or other Valnable Minerals. 
By J. W. Amdbrsoh. M^ (CambA F.R.G.S., Author of "Fiji and New 
Caledonia." Sixth BditioBf thorooghly Revised and much Bnlareed. Small 
crown 8vo, 3s. 6d. cloth ; or, 4s. 6d. leattier, pocket-book form, with tuck. 

Uust published. 
** wm sappljr a iiinchMtwiiit;gtpecfaBy«iiioggColoBhli;inirlKMe wnraieao often thiowii 
17 Bdaaitapcal ^^ e ^ i iiic i i s the vaioe of iiliicli itis dHEcult to detonnine.^— £<v«RMer. 
"How to ind commercial nuaeiali. and bow to idcntiiy Uiem when tbej are found, ase tba 
leading points to whidi attention is directed. The author has manased to pa<± as omch practical 
detail too his pages as would supply materiai far a boot thiaatiina»itisiaB."~J«w6yy^ 

Mining Notes and FormukB. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

tOHM Hbrm AM Mbrivalb. M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-npon-Tyne. TUrd 
Edition, Revised and Enlarged. Small crown 8vo, as. 6d, cfioth. 
"InTaluaMe to anyone who b working np for an eaamination on gaining siitittitt.''—AvH and 
Cml Trades Review. 

" The author has done his woric In an exceedingly creditable manner, and has produced a book 
that win be of sen ice to students, and those who are practladly engaged in ndning Qperation&''— 
Bt^ineer. 

Handybook for Miners. 

THE MINER'S HANDBOOK : A Handy Book of Reference on 
the Subjects of Mineral Deposits, Mining Operations, Ore Dressing, &c. 
For the Use of Students and others interested m Mining matters. Compiled 
by John Milnb, F.R.S., Professor of Mining in the Imperial University of 
Japan. Revised Edition. Fcap. 8vo, -rs. 6d. leather. [Just published. 

" Professor Milne's handbook is sure to be received with favour by all connected with mining;, 
and will be extremely popular among studeats,"—AiAerueuffi. 

Miners' and Metallurgists' Bocket'Booh, 

A POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulao, Tables, and Notes, for Use in Field and Office 

Work. By F. Damvbrs Powbr, F.G.S., M.E. Fcap. 8vo, gs. leather. 

" This excellent book is an admirable example of its kind, and ought to find a large sale 
amongst EngUsh-spealdng prospectors and mining engineers."— iE»^rm««rM!£'. 

*' A useful vade-mecum containing a mass of rules, fonnuke, tames, and various other infozma 
tion, necessary for daily reference."— 7r<9». 

Mineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE t comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties, with New Traverse Tables. By Wm. Lintbrm. 
Third Edition, Enlarged. lomo, 45. cloth. 
" A valuable and thoroughly trustworthy guide."— /nw and Coal Trades Review. 

Asbestos and its Uses* 

ASBESTOS: Its Properties ^ Occurrence, and Uses, With some 
Account of die Mines of Italy and Canada. By Robbrt H. Jomks. With 
Eight Collotype Plates and otner Illustrations. Crown 8vo, 12s. 6d, cloth. 
*' An interesting and invaluable •wotkJ'—CoUierr Guardian. 

SkMyolosives 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 

Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine, and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eisslbr, Author of " The Metal- 
lurgy of Gold," &o. Crown 8vo, los. 6d. cloth. 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
usflt of explosives generailv may at any time become a necessary auxiliary."— Aii/Mfv. 

" A veritable mine of mtormacioa on the subject of explosives employed for military, mining 
and bktttbig purposes." — 4rmy and Navy GajeeUe, 

Iron, Metallurgy of* 

METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel. &c. Bv M. Baukrman, F.G.S., A.R.S.M. With 
numerous Illustrations. Sixth Edition, Enlarged, zamo, 5s. 6d, cloth. 
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CoUiery Ma/nugement. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Layiiig*oat and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Calcb Pambly, Mining 
Engineer and Surveyor: Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute ot Mining Engineers. With nearly joo Plans, Diagrams, and other 
Illustrations. Second Edition, Revised, with Additions. Medium 8vo, about 
700 pages. Price £1 5s. strongly boimcl. 

Summary op Contents. 



Geology. — Search for Coal.-^ 
Mineral Leases and other Hold- 
ings.— Shaft Sinking,— Fitting Up 
the Shaft and Surface Arrange- 
ments.— Steam BOILBR-S AND THEIR 
Fittings. — Timbering and Walling. 
— Narrow Work and Methods of 
Working. — Underground Convey- 
ance. — Drainage. — ^The Gases met 
WITH IN Mines; Ventilation. — On 
the Friction of Air in Mines.— 



ThePriestman Oil Engine; Petro- 
leum AND Natural Gas— Surveying 
AND Planning. — Safety Lamps and 
Fire- Damp Detectors. — Sundry and 
Incidental Operations and Appli- 
ances. — CollibryExplosions. — Mis- 
cellaneous Questions & Answers. 

Appendix: Summary of Report of 
H.M. Commissioners on Accidents 
IN Mines. 



♦** Opinions of the Press. 

" Mr. Famely has not only given us a comprehensive reference book of a very hlgfh order, 
suitable to the reguirettients of mining engineers and colliery managers, but at the same time has 
provided mining students with a da^lxMk that is as interesting as it is instructive." — Colliery 
Managtr. 

" Mr. 
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the venr latest 
machines In every department. . . . Aminingengineercouldscarcelv go wrong who foil 
this wot}c"— CoUiery Guardian. 



Pamely's work is eminently suited to the purpose for which it Is intended— being clear, 
F, exhaustive, rich in detail, and up to date, giving descriptions of the venr latest 
machines In every department. . . . Aminingengineercouldscarcely go wrong who followed 



"This is the most complete 'all-round' work on coal-mining published In the English 
language. ... No library of coal-mining books is complete wiuout \'L"—Celliery Engineer 
(Scranton, Pa., U.S.A.). 

" Mr. Pamely's work is in all respects worthy of our admiration. No person In any respondble 
position connected with mines should be without a copy."— H^estminster Review, 

€Jo€U and Iran, 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History of 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 85. cloth. 
"The book is one milch must find a place on the shelves of an faiterested In coal and bron 

pioductlon, and in the Iron, steel, and other metaHuigicaHndustries."— i?nf^M«^. 

*' Of this book we may unreservedly say that it is the best of its class which we have ever met 

... A book of reference which no one engaged In the Iron or coal trades should omit from his 

library "—Iron and Coal Trades Review. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. lamo, 45. cloth boards. 
*' As an outUne Is given of every known coal-field In this and other countries, as wefl as of the 

l»rlnclpal methods of working, the book will doubtless Interest a very large number of readers."— 

Mining youmeU, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas BakeRi C.E. Illust. zamo, 3s. cloth boards. 

€h'anite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, as. 6d. cloth. 

" A dearly and well-written manual on the granite UnAvatxf," —Scotsman. 

" An interesting work, which will be deservedly esteemed."— C^Z/irry Guardian. 

" An exceedingly Interesting and valuable monograph on a subject wMch has hitherto received 
upaecountably littw attention in the shape of systematic literary treatment."— 5£o/MrA Leader. 
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Ooid, MetaH/urgy of. 

THE METALLURGY OP GOLD : A Practical Treatise on the 

Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 

Concentration and Chlorination. and the Assaying, Melting, and Refining of 

Gold. By M. Eisslbr, Mining Engineer and Metallargcal Chemist, formerly 

Assistant Assayer of the U. S. Mint, San Francisco. Third Bditioui Revised 

and greatly Enlarged. With 187 Illustrations. Crown 8vo, X2S. &<. cloth. 

" This book thorougAiIjdesarTes its title of a 'Practical TKatbeu' The whole proce a of gold 
mflUnff, from the brealong of the quartz to the assav of the balHoo, Is described in dear and 



ovderiir narratiTe and with mudi, but not too much, fiimess of diet^L''—Stiturday Rivum, 

" Tlie work is a storehouse of information and valuable data, and we str o u g ly recommend It to 
aD professional men engaged in the gold'mininK industry."— ^JAmiifV' yM»maL 

Gold Extractiont 

THE CYANIDE PROCESS OP GOLD EXTRACTION : and 
its Practical Application on the Witwatersrand Gold Fields in South Afirica. 
By M. Eisslbr, M.E., Mem. Inst. Mining and Metallurgy, Author of " The 
Metallurgy of Gold," &o. With Diagrams and Working Drawings. Large 
crown 8vo, ys, 6d, cloth. [Just published. 

" This book is Just what was needed to acquaint minine men with the actual working of a pro- 
cess which is not onlv the most popular, but is, as a general rule, the most successful for the extrac* 
tion of gold from tamx^es."— Mining- Journal. 

" The work will prove invaluable to all interested in gold mining, whether metallurgists or as 
Investors." — Chemical News. 

SUver, MetaUurgy of. 

THE METALLURGY OP SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Lizivlation of Silver Ores. Including the 
Assaying, Melting and Refining, of Silver Bullion. By M. Eisslbr, Author 
of "The Metallurgy of Gold,^' &c. Second Edition, Enlarged. With 150 
Illustrations. Crown Svo, los. 6d. cloth. 

" A practical treatlsob and a technical work which we are oooTlnced wHl supply a long-felt want 
amongst practical men, and at the same time be of Tahie to students and others mdurectiSy connected 
with the mdustries."— JlftM^isr yo$tmaL 

" From first to last the book is thoroughly sound and reHable." — CcUiety Guardian, 
" For chemists, practical miners, assayers, and investors aHke, we do not know of any woiii 
on the subject so handy and yet so comprehensive."— GAusfvw HtruU, 

liBodf MetaUurgy of. 

THE METALLURGY OP ARGENTIPEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and 
America. By M. Eisslbr. M.E., Author of "The Metallurgy of Gold," &c. 
Crown Svo, 400 pp., with 183 Illustrations, X2S. 6d. cloth. 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
an the stages experienced in the passage of the lead from the various natiual states to its issue 
from the refinery as an article of commerce.'* — Practical Engineer. 

"The present volume fully maintains the reputation of the author. Those wiio wish to obtain 
a thorous[h insight into the present state of this industry cannot do better than read this volume, 
and all mming engineers cannot faH to find many useful hints and suggestions in it,"— Indtistries. 

" It is most carefully written and illustrated with capital drawings and diagrams. In fact, it is 
the work of an expert for experts, by whom it will be prized as an indispensable text-book."— 
Bristol Mercury, 

Iron Mining. 

THE IRON ORES OP GREAT BRITAIN AND IRELAND : 
Their Mode of Occurrence, Age, and Origin, and the Methods of Searching 
for and Working them, with a Notice of some of the Iron Ores of Spain. 
By J. D. Kbmdall, F.G.S., Mining Engineer. Crown 8vo, z6s. cloth. 

" The author lias a thorough practical knowledge of his subject, and has supplemented a care- 
ful study of the available literature by unpublished Information derived from his own observations. 
The result Is a very useful volume which cannot fail to be of value to all interested in the iron 
industry of the country."— Industries. 

^ .." Mf- KendaU is a great authority on this subject and writes from personal observation."— 
Colliery Guardian^ 

" Mr. KendaU's book is thoroughly weU done. In It there are the outlines of the history of 
ore mining in every centre and there is everything that we want to know as to the character of^the 
o res of each distnct, their commercial value and the cost of working them ''—Iron and Steel 
Trades Journal.  — .^ 
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ELECTRICITY, ELECTRICAL ENGINEERING, etc. 
I>ynanio Management. 

THE MANAGEMENT OF DYNAMQS : A Handy book of 
Theory and Practice for the Use of Mechanics, Engineers, Students and 
others in Charge of Dynamos. By G. W. Lumuis Paterson. With nume- 
rous Illustrations. Crown 8vo, 3s. 64. cloth. ijitst published. 

Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 

MODERN RULES, FORMULJB, TABLES. AND DATA, By H, R. 
Kbmfb, M.In8t.E.B., A. M.Inst.C.K., Technical Officer, Postal Telegraphs, 

Author of *'A Handbook of Electrical Testing," &c. Second Edition, 

thoroughly Revised, with Additions. Royal 32mo, oblong, 5s. leather. 

" There is very little in the shape of formulae or data which the electrician Is likely t* want 
In a hurry which cannot be found m Its pages."— ProcMeo/ Engineer. 

"A very useful book of reference for daUy use in practical electrical engineering and its 
various appucations to the industries of the present day."— Iron, 

" It Is the best book of its ^tiad."— Electrical Etig^teer. 

"Well arranged and compact. The ' Electrical Engineer's Focke^Book ' Is a good one."— 
Electrician. [Review- 

" Strongly recommended to those engaged in the various electrical industries."— J?Aefr^/ 

ElecPric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhakt, slectrician. Author of *' Electric Light," &e. 

With numerous Illustrations. Second Baition, Revised, with Aaditlonal 

Chapters. Crown 8vo, 5s. cloth. 

" This volume deals with what may be termed the mechanics of electric Ugbting, and b 
addressed to men who are already engaged in the work or are trainingf for It. The work traverses 
a gre«t deal of ground, and may Se reaa as a sequel to the same author's useAil work on ' Electirlc 
L&ht' "—Electrician. 

" This is an attempt to state In the shnplest language the precautions which should be adopted 
In installlncr the electric light, and to give information, for the guidance of those who have to run 
the plant when Installed. The book is well worth the perusal of the workmen for whom It Is 
ynittea."— Electrical Review. 

** We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by findingf mathematical formulae which they 
are unable to understand."— ElectTical Plant. 

Electric Light. 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Djrnamo-Electric Machines, Batteries. 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
"Electric Light Fitting," "Electroplating," &c. Fifth Edition, carefully 
Revised, with Large Additions and 145 Illustrations. Crown 8vo, ys. 6J. cloth. 
" The whole ground of electric lighting Is more or less covered and explained in a very clear 
and concise manner."— ^/^^/rira/ Review. 

" Contains a good deal of very interesting information, especially in the parts where the 
author gives dimensions and working costs."— Electrical Engineer. 

" A miniature vade-mecum o£ the salient facts connected with the science of electric ligh^ 
lng."—E/ectrician. 

" You cannot for your purpose have a. better book than ' Electric Light,' by Urquhart"— 
Engi*t^r. 

*' The book is by fiur the best that we have yet met with on the subject."— A thenaum. 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Bngineet Constructors and Electricians-in-Charge. Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of " Electric 
Light," "Electric Light Fitting," &c. Second Edition, Revised and En- 
larged. With 114 Illustrations. Crown 8vo, 7s. 6d. cloth. IJust published. 
" Mr. Urquhatt's booi: is the first one which deals with these matters in such a way that the 
engmeering student can understand them. The book is very readable, and the author leads his 
readers up to difficult subjects by reasonably simple tests."— Enigrineerin^ Review. 

" The author deals with his subject in a style so popular as to make ois volume a handbook of 
great practiod value to eni^ineer constructors and electricians in charge. "—Sieo/xman. 

"•Dynamo ConstmoHon' more than sustains the high character of the author's previous 
publications. It is sure to be widely read by the large and rapidly-increasing number of practical 
electricians."— G^iouf'im Herald. 

*• A book for which a demand has long existed."— JIftcAawiac/ World, 
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Electric I4ghHng of SMpb. 

ELECTRIC SHIPJ.IGHTING : A Handbook on the Practical 

Fitting and Rmmlng of Shlp^EloctilcElPlinl. For ttae Usa of Shipownen 
■Dd Bolldan, Uarlne Elaotrldui, and Ses-going EngliiHis-ln-Ctiaree. By 

I. W,UaaDHAn,aB, With <S lUnBtndaiu. Crown Bvo, 71. 6J. clolh. 
■'Tlw niWsct of iblp dadric ^httef li odb «r vait Impomnce la thcH ^yi^ ftDd Mi. Urqu- 

Country House Electric Lighting, 

ELECTRIC LIGHT FOR COUNTRY HOUSES : A Practical 

Handbaokonibe ErBctioB aiid Runojog oF Small InstalUllons, wllb pat- 
liculiraoi tha Cost of Plant Bod Working. By J.H. Kbight. Crown Sto, 

II. wrippec. IJuitfubUihid. 

Electric Idghting. 

THE ELEMENTARY PRINCIPLES OP ELECTRIC UGHT- 

ING. By AuH A. CtHrsiLL Swihton, AuocUta I.E-B. Tbltd Edition, 
Enlarged and Revised. Willi 16 IllQscritioni. Cicwn Sto, 19. M cloth. 

Dynamic Electricity. 

THE ELEMENTS OF DYNAMIC BLECTRICTTY AND 

UAGNETIShf. By Philip ArxiKaoK, A.M., Ph.D., Author of " The Ele- 
iDenlsofElectcicUghdng," ta. Cr. Svo, withiio IlliutntlODi, iw. 61L ol. 

Electric Motors, £c, 

THE ELECTRIC TRANSFORMATION OP POWER and it's 
AppUoatioii by the Eleolilc Motor, Includini' Electric Etallwiy Conilnictian. 
By P. Atkimsok, A,M., Ph.D., Aothor of " Tho Elemenls of EleotHo Light- 
ing." &o. WltbgSlllnstiaiiona. Clown Svo, 71. 6^ doth. 

Dynamo Construction. 

HOW TO MAKE A DYNAMO; A PradkalTnatatfarAmateun. 

Containing nonieroQi IliiiBtratiana and Detail-^ ' ' — '— " 

Ing a SmaB Dynamo, to Prodnce the Elec: ' 
FooRhEditlDD.RevlseduidBnlu'gad. C 
"The latfncdDiH elna m tUt onpntnlloaa Uttl 
■hia m y amae wir 1— cli i n lc posHtsed nt mrm 

Text Book of Electrioity. 

THE STUDENTS TEXT-BOOK OP ELECTRICITY. By 
HehkiM.Noad,7,R.S. 63opagGS,wlU]47oII1nBlratloas, Cbeap« Edldon. 

Crcwn Bvo, 9J- cloth, [Juit puUishld. 

E^etricity, 

A MANUAL OP ELECTRICITY: Inetudlng Gatvanism, Mag. 
!f*"'"i2'S^¥''f^""'^'«*«^'^^>™™«'- ByHmaxliNoAD, Ph.D.,F.R.S. 
Ponnb Edition (1S19I. Bro, £1 41, dotta, 
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ABOHITE OTURB, BUILD ING, eto. 
SuUding Construction. 

PRACTICAL BUILDING CONSTRUCTION: A Handbook 
for Students Preparing for Examinations, and a Book of Reference for 
Persons Engaged in Building. By John P. Allen, Surveyor, Lecturer on 
Building Construction at the Durham College of Science, Newcastle. Medium 
8vo, 450 pages, with 1,000 Illustrations. 12s. 6d. cloth. [Jitst published. 

" This volume is one of the most complete expositions of building construcdon we hare seen. 
It contains all that Is necessary to prepare students for the various examinations in building con- 
struction."— ^Mi/of^n^ JVews. 

" The author depends nearly as much on his diagrams as on his type. The pages suggest 
the hand of a man of experience in building operations— and the volume must be a blessing to 
many teachers as well as to students."— 77(« Architect. 

" The work is sure to prove a formidable rival to great and small competitors alike, and bids 
fair to take a permanent place as a favourite students' text-book. The large number of illustra- 
tions deserve particular mention for the great merit they possess for purposes of reference, in ex- 
actly corresponding to convenient scaie&^—your. Inst. Brit. Archts. 

The New London Building Act, 1894, 

THE LONDON BUILDING ACT, 1894; with the By-Laws 
and Regulations of the London County Council, and Introduction, Notes, 
Cases and Index. By Alex. J. David. R.A., LL.M. of the Inner Temple, 
Barrister>at-Law. Crown 8vo, 3s. 6d. cloth. [Just published. 

" To all architects and district surveyors and builders, Mr. David's manual will be welcome." — 

Building' Neius. 

" The volume will doubtless be eagerly consulted by the building irBX/enaXy."— Illustrated 

Carpenter and Builder. 

Concrete. 

CONCRETE: ITS NATURE AND USES. A Book for 

Architects, Builders, Contractors, and Clerks of Works. By Gborgb L. 

SuTCLiFFE, A.R.I.B.A. Crown 8vo, 7s, 6d. cloth. [.Just published. 

" The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap. It 
is careful and exhaustive ; equally useful as a student's guide and a architect's book of reference." 
—youmal 0/ Rt^al InstOuiion of British Architects. 

" There is room for this new book, which will probably be for some time the standard work on 
the subject for a builder's purpose."— GAur^^w Herald. 

" A thoroughly useful and comprehensive '<hox}l."— British ArJtitect. 

Mechanics for Architects, 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. By E. W. 
Tarn, M.A., Author of " The Science of Building," &c. Second Edition, 
Enlarged. Illust. with 125 Diagrams. Cr. 8vo, ys. 6d. cloth. IJust published, 
" The book is a very useful and helpful manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the ma- 
jority of building problems. . . . Mr. Tarn has added, by this volume, to the debt of gratitude 
which is owing to him by architectural students for the many valuable works which he has pro- 
duced for their use."— TTt^ Builder. 

" The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
the distinctive professional manner proper to the subject. '—The Schoolmaster. 

The New Builder's Price Book, 1896. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1896. A 
Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. By Francis T. W. Miller. 800 
closely-printed pages, crown 8vo. 4s. cloth. 

" This book Is a very usefiil one, and should find a place In every English office connected with 
the building and eiufineering professions."— /»</Mx/r(er. 
" An excellent book of reference." — Architect. 

" In its new and revised form this Price Book is what a work of this kind should be— compre< 
hensive, reliable, well arranged, legible, and well hovvad."— British Architect. 

Designing Buildings. 

THE DESIGN OF BUILDINGS: Being Elementary Notes 
on the Planning, Sanitation and Ornamentive Formation of Structures, based 
on Modern Practice. Illustrated with Nine Folding Plates. By W. Wood- 
j<EV, Assistant Master, Metropolitan Drawing Classes, &c. 8vo, 6s. cloth. 

8i/r Wm. Chambers's Treatise on Civil Architectwre. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Lbbds. 66 Plates, 4to, ais. cloth. 
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ViUa ArcMtecture. 

A HANDY BOOK OP VILLA ARCHITECTURE: BHng a 
Serin of Designs for Villa Residences in various Styles, With Onttine 
Spedficadons and Estimates. By C. Wickks, Architeot, Author of "The 
Spires and Towers of Rng^and«" Ac. 6i Plates, 4to, ^i lu. 6d, half-morocco. 
** The whole of the derigns bear evldeiice of their bdnf the work of an artistic architect; and 
thiqr wU prove very vahiable and aags[estiv^"—SuildiMf News. 

Text-Booh for Architects* 

THE ARCHITECT'S GUIDE: BHng a Text-Booh of Useful 
Information for Architects^ Engineers, Surveyors^ Contractors^ Clerks of 
Works, &c. &e. By Frederick Rogers, Architect. Third Edition. Crown 
8vo, 3S. &/. cloth. 

"As a text-book of nsefiil information for ardiitects, engineers, siav e yo is, &&, it would be 
hard to find a handier or more complete little volume."— Stefuwrri. 

TwyloT and Cresy's Mome, 

THE ARCHITECTURAL ANTIQUITIES OP ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroughlv Revised by the Rev. Alexander Taylor, M. A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap* 
lain of Gray's Inn. Large tolio, with 130 Plates, £s 3s. half-bomid. 
** Taylor and diesjr's work has from its first pnbHcation been ranked among those professional 
books wUch cannot be \ietbend,"—jirchiua, 

Idnear JPerspective, 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 43 Folding Plates. By F. O. Ferguson. Second 
Edition, Enlarged. 8vo, 35. 6d. boards. IJust published. 

** It is the most intelligible of the treatises on this Ol-treatod subject that I have met with. '— 
E. INGRESS BBLL, Esq.. in the RJ.B.A. youmal. 

ArcMtectwral Drawing* 

PRACTICAL RULES ON DRA WING, for the OperaHve Builder 
and Young Student in Architecture, By Gborqb Pynb. With 14 Plates, 4to, 
75. 6d, boards. 

Vitrti/vius^ Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO, 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
the Translator. With 23 Plates. Fcap. 8vo, 55. cloth. 

Designing f Meciswring^ and Valuing,' 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions by E. Wyndham Tarn, M.A. Sixth Edition. With S-Plates 
and 63 Woodcuts. Crown 8vo, ys. 6d, cloth. 
" This edition will be found the most complete treatise on the principles of meastiilag and 
vahdng artificos' work that has yet been published."— ^MtZitfy^ News. 

Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beaton. Seventh Edit, 
Wsdstcoat-pocket size, is. 6d. leather, gilt edges. 
•• No builder, architect, surveyor, or valuer should be without his ' Beaton.' "•~Bua4ii$i£ Newt, 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En* 
gineers. By Professor T. L. Donaldson, P.R.I.B.A., Sec. New Edition. 
..,T^' ^J'° upwards of 1,000 pages of Text, and 33 Plates. £i lis, 6d. cloth. 
•Valuable as a record, and more valuable still as a book of precedents. . . . Suffice it to 
V that Donaldson's Handt>ook of Specifications ' must be bought by all architects."— ^j#«««r. 



ARCHITECTURE, BUILDING, etc. 27 

Bwrtholo'mew a/nd Mogers^ Spedfications* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Buildings. Upon the Basis of the 
Work by Alfred Bartholombw, thoroughly Revised, Corrected, and greatly 
added to by Frbdbrick Rogers, Architect. Third Edition, Revised, witn 
Additions. With numerous Illustrations. Medium 8vo, 155. cloth. 
" The collection of spedficatioxis prepared 4>y Mr. Roeeis on the basis of Bartholomew's work 

is too well known to need any recommendation from us. It is one of the books with which erery 

young architect must be equipped."— ^rcAAI«^. 

C&nstrucUan, 

THE SCIENCE OP BUILDING : An Etmentaty Treatise on 
the Princidles of Construction. By B. Wyndham Tarn, M.A., Architect. 
Third Edition. Revised and Enlarged. With 59 Engravings. Pcap. 8vo, 45. cl. 
A veiy Taluable book, which we strongly recommend to all students.^— ^wAUcr. 

Souse Building a/nd Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wUl it Cost 
to Build, Alter, or Repair? A Price Book for Unprofessional People, as 
well as the Architectural Surveyor and Builder. By J. D. Simon. Edited by F. 
T. W. Miller, A.R.I.B.A. Fourth Edition. Crowo 8vo, 3s. 6d. cloth. 
"In two years it wIU repay Its con a hundred times 9iww."—Fi*td. 

Cottages and ViUas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 

How to Plan and Build Them. Containing 33 Plates, with Introduction, 
General Explanations, and Description of each Plate. By Jambs W. Bogub, 
Architect, Author of " Domestic Architecture," &c. 4to, xos. 6d. cloth. 

Building ; CfivU and Ecclesiastical. 

A BOOK ON BUILDING, CivU and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D., F.R.A.S. Fcap. 8vo, 5s. cloth. 
" A book which Is always amustng and nearly always instxttcttre."— TVmcx. 

Sanitary Houses, etc. 

THE SANITARY ARRANGEMENT OF DWELLING- 
HOUSES: A Handbook for Householders and Owners of Houses. By A. 
J. Wallis-Tayler, A.m. Inst. C.E. With numerous Illustrations. Crown 
8vo, 2S. 6d. cloth. IJust published. 

" This book will be largely read ; it will be of considerable service to the public. It is well 
arranged, easily read, and for the most part devoid of technical terms."— Lancet. 

Ventilation of Buildings. 

VENTILATION. A Text Book to the Practice of the Art oj 

Ventilating Buildings. By W. P. Buchan, R.P. zamo, 45. cloth. 
" Contains a great amount of useful practical information, as thoroughly interesting as it is 
technically teUable."— British ArchiUct. 

The Art of Plumbing, 

PLUMBING, A Text Booh to the Practice of the Art or Craft of 
the Plumber, By William Paton Buchan, RJ*. Sixth Edition. 4s. cloth. 
"A tezt'book which may be safely put in the hands of every young plvaaber."—BuiUler. 

Qeometry for the Architect, Elngineerj etc, 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic, Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. tarn, M.A., Architect. 
8vo, gs. cloth. 

" No book with the same ob|ects In view has ever been published In which the clearness of the 
rales laid down and the iUustratnre diagrams have been so satistBLcXory."ScotsmaM. 

The Science of Geometry, 

THE GEOMETRY OF COMPASSES: or, Problems Resolved 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols, By Oliver Byrne. Coloured Plates. Crown 8vo, 3s. 6d, cloth. 
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CARP ENTRY, TIMBER , etc 
Tredgold's {Jarpentry, Revised <£ BMarged hy Tarn. 

THE ELEMENTARY PRINCIPLES OP CARPENTRY. 
A Treatise on the Pressure and Eqoilibrinm of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Unitine Iron and Stone with Timber, Ac. To which is added an Essay 
on the Nature and Properties oi Timber, Ac., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, ihe Specific Gravities of Materials, &c. Bv Thomas 
Trbdoold, C.B. with an Appendix of Specimens of Various Roots of Iron 
and Stone, lUustiated. Seventh Edition, thoroughly revised and considerably 
enlarged by B. Wtndham Takn, M.A., Author ot "The Science of Build- 
ing," &C. With 6x Plates, Portrait of the Anthor, and several Woodcuts. In 
One large Vol., 4to, price £i 5s. cloth. 

** Ought to be In every architect's and erery buOdei^i Hbrttry."— Anfltftr. 
*' A work whose monumental excdlence must ^momend It whererer sldlAil canentry b cob* 

■Mtned. The autiior's principles are rather confirmed tbaa. Impelrad bf time. The eddWonal 

plates are of great intrinsic nkte.'—BuiUling' ATnuf . 

Woodworking Machinery. 

WOODWORKING MACHINERY: Its Rise, Prc^ess. and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, Freneh, and American Engineers. Bv M. Powis Bals, 
A.M.Inst.C.B., M.I.M.E. Second Edition, Revised, with large Additions. 
Large crown 8vo, 440 pp., 95. cloth. [Just published, 

" Mr. Bale is evidently an expert on the subject and he has ooOectod so mndi faifiormatlon Uuit 

the book is all-suffident for builders and otiiers engaged in tiie amversion of tlmber."-n/f rcMfae^. 
"The most comprehensive compendium of wood- working machiaMy we have teen. The 

itttiior is a thorough master of his BuhitcL"—BuiUiin£ Niws. 

8aw MiUs. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Woodwork- 
ing Machinery.") By M. Powis Balk. Crown 8vo, los. 6d. cloth. 
" The cuhntnistreUtoH of a huge sawing establishment is discussed, and the sttfaject eiaiplned 
from a imancial standpoint Hence the size, shape, order, and dispositioa of saw-miUs and the 
like are gone into in detail, and the course of the timber is tiaced from its reception to its d^very 
in its converted state. We could not desire a more complele or practical tnmat,''—Bu4Ukr. 

Nicholson^s Carpentry, 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Fbtbr Nicholson's Standard 
Work. New Ecution, Revised by A. Asrpitbl, F.S.A. With Practical 
Rules on Drawing, by G. Pynk. With 74 Plates, 4to, £1 is. cloth. 

EEtimdrailing and Stairhuilding* 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods ior Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing«up, and Squaring the Wreath. By Gborob 
CoLLiNGs. Second Edition, Revised and Enlarged, to which is added A 
Trbatisb on Stairbuilding. lamo, as. 6d, cloth limp. 

* ' Will be found of practical utility in the execution of this difficult branch of Jobery."— A#<Ucr. 
" Almost every difficult phase ofthls somewhat intricate branch of Joinery is elucidated by tiM 
aid of plates and explanatory letterpress."— FMrwtfMrv GtMvtte. 

OircuZar Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 

Gborgb Collinos. With Diagrams. Second Edit. lamo, ss. td, cloth limp. 

" An exceUent example of what a book of this kind should be. Cheap In price, clear In definl- 

-OB and practical in the examples selected. *'—i?M<Mrr. 

Ha/ndraUing, 

HANDRAILING COMPLETE IN EIGHT LESSONS. On 
the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanic's Institute. With Eight 
Plates and over 150 Practical Exercises. 4to, 3s. 6d. cloth. 

•• LUceiy to be of considerable ^alue to joiners and others who take a pride fai good work, 
we heartily commend it to teachers and students."— rtm^r Trades yaumai. 
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Timber Merchant's Conipcmion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION, Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, oi all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 

given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
quare Timber to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
oi 50 Feet ; the readiest moae of aseertainmg the Price of Scantling per 
Lineal Foot of any size, to an^ given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cI. 
" Evenrthing is as concise and clear as it can possibly be made. There can be no doubt that 
every timber merchant and builder ought to possess it."— Hull Achferiiser. 

** We are glad to see a fourth edition of these admirable tables, which for correctness and 
dmpUcity of arrangement leave nothing to be desired."— TVmAcr Trades journal, 

PrcLctical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with tne Timber Trade, Marks of 
Wood. Essay on the Strength of Timber, Remarks on the Growth of Tunber, 
&c. By W. Richardson. Second Edition. Fcap. 8vo, 3s. 64. cloth. 
" This handy manual contains much valuable information for the use of timber merchantSi 

btdlders, foresters, and all others connected with the growth, sale, and manufiu:ture of timber."— 

^^immal <if F&rtstry, 

BacMng-C€iL8e MakerSj Tables for. 

PACKING-CASE TABLES; showing ike number of Super 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 64. d. 
" Invaluable labour-saving tables,"— Ironmott^er, 
"Witt save much labour and calculation." — Gtvcer, 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from z to 200 inches in length, by z to zo8 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders, &c. By James Hawkinqs. Fourth Edition. Fcap., 
3s. 6d. cloth. 
" A useful collection of tables to facilitate rapid calculation of surfkces. The exact area of any 
sorfiure of which the limits have been ascertained can be instantly determined. The book wiU bo 
found of the greatest utility to att engaged in building operations."— Sco/^mah. 

" These tables will be found of great assistance to all who require to make calculations in super- 
ficial measurement"— ^M^/ir A Mechanic, 

Forestry. 

THE ELEMENTS OP FORESTRY, Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B. 
Hough. Large crown 8vo, zos. cloth. 

TimJfer Importer's Guide. 

THE TIMBER IMPORTER 'S. TIMBER MERCHANT'S, AND 
BUILDERS STANDARD GUIDE, By Richard E. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Vsuues and Tabular Arrangements for fixing Net Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised, zamo, 2s. cloth limp. 
"Everything it pretends to be : built up graduaUy. it leads one from a forest to a treenail, and 

throws in, as m makeweUEbt, a host of materia concerning bricks, columns, cisterns, &c"— English 

Mee/tanic, 
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DECORATIVE ARTS, eto. 



Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van dbs Burg and P. 
Van dbr Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
x8i by 13^ in., Illustrated with 24 full-size Coloured Plates; also Z2 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £z zzs.&<. 

LiaofPlatu, 



Finished Spedmen— n. Mmhogany : Spectaneni 
of vauious Grains and Methods of Manipulation 
— M^ ax. Mahf^eany : Earlier Stages and Finished 
Spedmen— tt, tt^ 94. Sienna Marble: Varieties 
or Grain, Frefaminary Stages and Finished 
Specimen— «s. afi^ ■?• Juniper Wood : Methods 
or produdng Grain, isc. : Preliminary Stages 
and Finished Specimen — s8, ag, 90. vert de 



Mer Marble: 
of Working 



Varieties of Grain and Methods 
Unfinished and Finidied Sped* 



I. Varloos Tools reqidred for Wood Adnting 
~4, 3. Walnut : Preliminary Stages of Graining 
and jFinished Specimen — 4. Tools nsed for 
Marble Painting and Method of Manipulation— 

6. St. Remi Marble: Earlier Operations and 
Finished Specimen— 7. Methods of Sketching 
diflerent Grains, Knotii, Ac. — 8, 9. Ash: Pre- 
minary Stages auid Fmished Specimen — 10. 
Methods of Sketching Marble Grains— zz, za. 
Breche Marble : Preliminary Stages of Workim; 
and Finished Specimen— Z3. Maple: Methods 
of Producing the different Grains — Z4, zg. Bbrd's- 
eye Maple: Preliminary Stages and Finished 
^Specimen — z6. Methods of Sketching the dif> 
CBzent Species of White Marble— », z8. White 
Marble: Preliminary Stages of Process and 

" Those who desire to attain skill In the art of painting woods and marbles will find advantage 
consulting tUs book. . . . Some of the Wornng Men's Clubs should give their young men 
the opportunity to study W—SuUder. 

" A comprehensive giiide to the art. The explanatloiis of die processes, tiie manipnlatlon and 



mens— sz. 30. ri. Oak: Varteties of Grain, Tools 
Emplojred, aod Methods of Manipulation, Pre- 
Hminary Stages and Finished Specimen— 34, <& 
«6. Waulsort Marble: Varieties of Gfain, Ila* 
nnhhed and Finished Spedmeas. 



management of the colours, and the beautifuDv executed plates will not be the least valuable to the 
student who aims at my'""g his work a fidthftil transcript of natim."— Building- News. 

WaU Baper. 

WALL PAPER DECORATION. By Arthur Seymour 
Jennings, Author of " Practical Paper Hanging." With numerous Illustra- 
tions. Demy 8vo [/» preparation. 

Hotise Decoration. 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art. Together with PR A CTICA L HO USE DECORA - 
TION. By Tames W. Facby. With numerous Illustrations. In One Vol., 
5s. strongly half*bound 

HotMe Pa4nting, Graining, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING^ A Practical Manual of. By Ellis A. Davidson. Sixth Edition 
With Coloured Plates and Wood Engravings, zamo, 6s. cloth boards. 

" A mass of biformatlon, of use to the amateur and of value to the practical man."— ff^/irA 
Mechanic 

Decorators, Receipts for. 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Sixth Edition. 152 pp., crown 8vo, is. in wrapper. 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the psiatet's axt."— Building News. 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN, 
By J. MoYR Smith. Super-royal Svo, with 32 fall-page Plates and nomeroni 
smaller Illustrations, handsomely bound in cloth, gilt top, price 18s, 
"The book is well Illustrated and handsomely got up, and contains some true criticism and 
■->od many good examples of decorative treatment. —7?k« BuiUtr, 



rRY, etc. 35 



BrtTi^, 



j^ 






-   



Ufi^m r«*i.tJi ' 



j.^ 



ffioc 




tiroes B- r '_ ^-.— t. 

Tnife, prntpy r I?, . i- - 

ctthepPBLcaerwgpg =r- ---.»— ^ -^ - 

THE EAfj,?,- -r. .r - z - _ 

Deriott, liedsarrs.' ai_ -«:- 
ornamaita. wiznic 




fTood 

/NSTfiUCTIONS IK 
Hints on Dettgn. Byj^ 
Crown Svo, s. m e 
r .!'T)**>»*cratlol the 



Tactical Guide 
sions of Modern 
..RBERT Edwards 

elf for examinatlonaj 

, ,rtant discoven« « 

, and the author ^^ 

ve no hesitation to 
.n on the subject ol 
ry brewer's library. 

u-qualntanceofhaM- 
e if having found a 
. rade Journal. 

Their Analysis 
. H. J. Phillips, 
, Great Eastern 

vo, 5$. cloth. 

ment, and wherev* 

ilway News. 

S, Showing 
ency, and Adul- 
1 Vehicles , and 
science and Art 

:. C. STANDAtB. 

e, recommend It %0 
-Chemical Review, 

e Officers^ 

GA UGING 

txers, BreweM 

econd EditioB 

Revenue Depaf) 



XTURE6. 



:al Instruc 
ing, Doublin 
Use of Opers 
Technical Ir 
^ust publishec 

inanufacture."- 
cow Herald. 



ig Scienc 

Professor c 

<'c Institute 

Edition wit 

J pp. IllU! 

cloth. 

f mOline. . 

peak, of a su 

in proceed ' 

.nllmgingoo 

British mille 



32 CROSBY LOCKWOOD «• SON'S CATALOGUB. 



NAT URAL SCIENCE , etc 

The Heavens and their Origin. 

THE VISIBLE UNIVERSE: Chapters on the Origin and 
Constnietioii of the Heavens. By J. E. Gosk, F.ILA.S. ninstrated by 6 
Stellar Photographs and la Plates. 8vo, x6s. cloth. 

** A Talnable and mdd smnmaiy of recent a &tiuuoml cal theofy. rendered more vamaUe and 
attiactiTe by a series of stellar photojsiaphs and odier illustxations.' — T"** ^*»»"-_,_. _, _ 

" In piesentiiu^ a dear and concise {kc^«p» of the present state of our knowtodget Mr. Gore 
has made a vahia^ addition to the literature of the saoifiCt."— Nature. . 

'* As interesdnfif as a novd, and faistmctiTe withal ; the text bdns: made stiO more hmunoos by 
steDarphotcsraphs and other ilhistxations. . . . AmoStrabxahlitbo6k."—MancM€ster£xafHiHer 
" One ofthe finest worics on as tr ono m ical science that has recently appeared in oar language. 

Leeds Mervufy. 

The ConsteUations. 

STAR GROUPS: A Student's Guide to the ConsteUaUons, By 

J. Ellard Gore,F.R.A.S., M.R.I.A., &c., Author of " The VIsible|Universe," 

" The Scenery of the Heavens." With 30 Maps. Small 4to, 55. cloth, silvered. 

" A knowledge of the prindpal constellations visible m our latitudes may be easily acquired 

from the thirty maps and accompanying text contained in this work." — Nature. 

•' The volume contains thirty maps showing stars of the sixth magnitude — the usual naked-eye 
lindt— and each is accompanied oy a orief commentary, adapted to facilitate recognition and bring 
to notice objects of special interest. For the purpose of a prdiminary survey of the ' midnight pomp ' 
of the heavens, nothing could be better than a set of debneations averaging scarcely twenty square 
inches in area, and inauding nothing that cannot at once be idoitified."— io/tenfiiy Retriew. 
" A very compact and handy guide to the ccmstellations."— ^M«me«M. 

Astranomical Terms. 

AN ASTRONOMICAL GLOSSARY; or. Dictionary of Terms 
used in Astronomy. With Tables of Data and Lists of Remarkable and 
Interesting Celestial Objects. By J. Elx^rd Gore, F.R.A.S., Author of 
" The Visible Universe," &c. Small crown 8vo, as. 6d. cloth. 

" A very useful little work for bq^tnners in astronomy, and not to be despised by more ad- 
vanced stud«its." — The Times. 

" Astronomers of all kinds will be glad to have it for reference." — Gtutrdian. 

The Microscope. 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-micrography, and the Past and Future of the 
Microscope. By Dr. Henri van Heurck. Re-Edited and Augmented from 
the Fourth French Edition, and Translated by Wynne E. Baxter, F.G.S. 
400 pages, with upwards of 250 Woodcuts. Imp. 8vo, i8s. cloth. 

" A translation of a w^-known work, at once popular and comprehensive." — Times. 
" The translation is as felicitious as it is accurate."— AWvre. 

The Microscope, 

PHOTO-MICROGRAPHY. By Dr. H. van Heurck. Extracted 
from the above Work. Royal 8vo, with Illustrations, u. sewed. 

Astronomy. 

ASTRONOMY, B> the late Rev. Robert Main, F.R.S. 

Third Edition, Revised, by Wm. T. Lynn, B.A., F.R.A.S.| z2mo, ss. cloth. 
" A sound and simple treatise, and a capital book for b^:iniiers."— iiTM^wte^e. 

Recent and Fossil Shells. 

A MANUAL OP THE MOLLUSCA : Being a TreaUse on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S. With an Appendix 
on Recent and Fossil Conchological Discoveries, by Ralph Tate, A.L.S.| 
F.G.S. With 23 Plates and upwards of 300 Woodcuts. Reprint of Fourth 
Edition, t88o. Crown 8vo, 7s. 6d. cloth. 
•' A most valuable storehouse of conchological and geological information."— sScJeNoe Gossip, 

Geology and Genesis. 

THE TWIN RECORDS OP CREATION; or, Geology and 

Genesis : their Perfect Harmony and Wonderful Concord, By Gborqb W. 

Victor lb Vauz. Fcap. 8vo, 55. cloth. 

" A valuable contribution to ue evidences of Revelation, and disposes very conchistvoly of the 
arguments of those who would set God's Works against God s Word. No real difficulty is shiiked 
and no sophistry is left unexposed.'— TVx Rodk. 

Geology, 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. With especial reference to the British series of 
Rocks. By R. Tate, F.G.S. With 250 Illustrations. lamo, 5s. cloth boards 



NATURAL SCIENCE, iU. 33 

DR. LARDHEW8 COURSE OF NATURAL PHILOSOPHY. 



HANDBOOK OF MECHANICS, Re-written and Enlarged by 

B. LoBWY, F.R.A.S. Post 8vo, 6s. cloth. 

"Mr. LiOewy has carefiiUy revised the book, aad broug^ht It up to modem fegutoements."— 
Ifaiurt, 

HANDBOOK OP HYDROSTATICS &- PNEUMATICS. Enlarged 

by B. LoBWT, F.R.A.S. Post 8vo, 5s. cloth. 

** For those ' who desire to attain an accurate Icnowledge of physical science without the pe^ 
foand methods of mathematical investigation,' this worlc Is well maMptiaA,"—ChemiccU JVtws, 

HANDBOOK OP HEAT. Edited and almost entirely Re-written 

by Bbnjauim Lobwy, F.R.A.S., &c. Post 8vo, 6s. cloth. 

" The style is always dear and precise, and conveys instruction without leavinf >By cioudinaM 

or lurking doubts hetdnd."—EH£in€erifi£. 

HANDBOOK OP OPTICS. By Dr. Lardnbr. Edited by T. O. 
Harding, B.A. Post 8vo, 5s. cloth. 
" Written by an able scientific writer and beautifully illustrated."— il/^cAanu^^ Magajtine. 

HANDBOOK OP ELECTRICITY AND MAGNETISM. By Dr. 

Lardnbr. Edited by G. C. Fostbr, B.A. Post 8vo, 5s. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the tetse and 
lucid style of ljudDiet,"—P^Miar Science XevUw, 

HANDBOOK OP ASTRONOMY. By Dr. Lardner. Fourth 

Edition by E. Dunkin, F.R.A.S. Post 8vo, 9s. 6d. cloth. 

" Probably no other book contains the same amount of information in so compendious and well* 
arranged a form— certainly none at the price at which this is offered to the pu\Mc."—AtM€tueMtm, 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at tlM same time cociect acqnainti 
ance with this sublime science." — Quarterly youmal qf Sdence. 



DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OP SCIENCE AND ART. Edited Dv 
Dr. Lardner. With upwards of x.aoo Engravings on Wood. In 6 Double 
Volumes, £1 1$. in a new and elegant cloth binding ; or handsomely bound in 
half-morocco, 31s. 6d. 
" A cheap and interesting publication, alike Informing and attractive. The papers combke 

subjects of unportance and neat scientific knowledge, considerable inductive powecs, and a 

popular style of treatment."-^.^cto/9r. 

The 'Museum of Science and Art' is the most valuable contribution that has ever been 

made to the Scientific Instruction of every class of society."— Sir DAVID Brbwstbr, In the 

N0t^ British Revitw. 

*«* Separate boohs formed from the above^ fully Illustrated, suitable for 
Workmen's Ltbran^^ Science Classes, etc. 
dnnman Things Bxjdained, 5s. Steam and its Uses* as. cloth. 



The Mieroseope, 2s. cloth. 
Popular Geology, zs. 6d. cloth. 
Popular Physios, 2s. 6d, cloth. 



Popular Astronomy, 4s.6<^.clotb. 
The Bee and White Ants, u.clcth 
The Electric Telegraph, is. 



I>r» Lardner^s School Handbooks. 

NATURAL PHILOSOPHY POR SCHOOLS. Fcap. 8vo, 35. 6i. 

" A very convenient class-book for Jimior students in private schools."— ArMcA QttarUrfy 
Rtview. 

ANIMAL PHYSIOLOGY POR SCHOOLS. Fcap. 8vo. 3s. 6d. 

"Clearly written, well arranged, and excellently illustrated."— ^rtintoMr'r C*»wtofc. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised by B. B. Brioht, F.R.A.S. Fcap. 8vo, as. 6d. cloth. 
*' One of the most readable b>oks extant on the Electric Telegraph."— fMjfAlf A Mechanic. 

u 



34 CROSBY LOCKWOQD 4* SON*S CATALOGUE. 

CHEMICAL MA NUFACTURES , OmEMISTRYT^ 

Chemistry for Engineers, etCt 

ENGINEERING CHEMISTRY: A Practical Treatise for the 

Use of Analytical Chemists, Bneineers. Iron Masters, Iron Founders, 

Students, and others. Comprising Methods of Analysis and Valuation of the 

Principal Materials used in Bngmeering Work, with numerous Analyses, 

Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 

formerly Analytical and Consulting Chemist to the Great Eastern Railway. 

Second Edition, Revised and Enlarged. Crown 8vo, 400 pp., with Illustrar 

tions, zos. 6d. cloth. [Just published, 

" In thU work the author has rendered no small service to a numerous body of practical men. 

, . . The analytical methods may be pronounced most satisfactory, being as accurate as tlw 

despatch required of engineering chemists permits."— CA^mKa/ News. 

" The book will be very useful to those who require a handy and concise resurne ksX approved 
methods of analysing and valuing metals, oils, fuels, &c. It is, m fact, a work for chetiusts, a guide 
to the routine ot^the engineering laboratory. . . . The book is full of good things. As a hand' 
book of technical analysis, it is very welcome."— ^Mt/^r. 

" The analytical methods given are, as a whole, such as are likely to give rapid and trust- 
worthy results m experienced hands. There is much excellent descriptive matter in the work, the 
chapter on ' Oils and Lubrication ' being specially noticeable in this xv&^cx."— Engineer. 

Explosives and Dangerous Goods. 

DANGERO US GOODS : Their Sources and Properties, Modes 
of Storage, and Transport. With Notes and Comments on Accidents aris- 
ing therefrom, together with the Government and Railway Classifications^ 
Acts of Parliament, &c. A Guide for the use of Government and Railway 
Of&cials, Steamship Owners, Insurance Companies and Manufacturers and 
users of Explosives and Dangerous Goods. By H. Joshua Phillips, F.I.C, 
F.C.S. , Author of "Engineering Chemistry, &c." Crown 8vo, 350 pp., qs. 
cloth. [Just ready. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By JoHM LoMAS, Alkali Manufactiurer, Newcastle-upon-T;^ne and London. 
With S33 Illustrations and Working Drawings, and contaming 390 pages ot 
Text. Second Edition, with Additions. Super-royal 8vo, £1 los. cloth. 
TUs book is written by a manufacturer for manufticturers. The working deuib of the moct 
u>pfOved forms of aoparatus are given, and theae are accompanied by no lest than 13* wood eD> 

gravingt, aU of which may be used for the purposes of construction. Every step in the nuuiu<- 
«ture is very fully described in this manual, and each improvement exp\3ix\»d."—AthetueMm, 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, Containing all known Methods of Anhydrous Analysis, many 
Working Examples, anof Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R.A., F.G.S. With xao Illustrations. Second EditioD, 
Revised and Enlarged. Crown 8vo, s^* cloth. 




abetter 
text-books, 

Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or. Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and In 
the Arts. By A. Normandy. New Edition, by H.M. Ncao,F.R.S. Crown 
8vo, 12s. 6d. cloth. 

•• We strongly recommend this book to our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical practitioner."— Afe^/tira/ Times. 

Dye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 

Properties, Applications, Valuations, Impurities, and Sophistications. For the 
use of Dyers, Printers, DrysalterS, Brokers, &c. By J. W. Slatbr. SecoLd 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. td, cloth. 
"A complete encyclopaedia of the mateHa Hnctoria. The information given respectlas each 

article is full and precise, and the methods of determining their value are given with clf^mess 

ind are practical as well as vahiable."- Chemist and Druggist. 
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Modem Bretving and Malting. 

A HANDYBOOK FOR BREWERS: Being a Practical Guide 

to the Art of Brewing and Malting. Embracing tlie Conclusions of Modern 

Research which bear upon the Practice of Brewing. By Herbert Edwards 

Wright, M.A. Crown 8vo, 530 pp., 125. 6d. cloth. 

" May be consulted with advantaee D}r tlie student who is preparing^ himself for examinational 
tests, whue the scientific brewer will find m it a resume of all the most important discoveries of 
modem times. The work is written throug^hout in a clear and concise manner, and the author takes 
great care to discriminate between vag^e theories and well-established fzcXs."— Brewers' youmat, 

"We have great pleasure in recommending this handybook, and have no hesitation In 
saying that it is one of the best— if not the best— which has yet been written on the subject of 
beer>Drewing in this country, and it should have a place on the shelves of every brewer's library.'* 
— The Brewer's Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance of half* 
an-hour's duration cannot fall to impress the practical brewer with the sense uf having found a 
trustworthy guide and practical counsellor in brewerj- matters."— CArmtVa/ Trade yourttal. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
Railway. Second Edition, Revised and Enlarged. Crown 8vo, 5s. cloth. 

- Ought to hare its place in the laboratory of every metallurgical establishment, and whereref 
fnel Is used on a large scnl9."—Ck€mieal News. 

" Cannot fail to be of wide interest, especially at the present tbus."- Railway News. 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles , and 
the most Reliable Tests of Purity Together with the Science and Art 
Department's Examination Questions on Painting. By H. C. Standacb. 
Second Edition. Crown 8vo, as. 6^. cloth. 

" This work Is indeed multum-in-^rva, and we can, with good conscience, recommend it 4o 
all who come La contact with pigments, whether as makers, deafors or users."— CA^mtra/ Review, 

Gauging, Tables and Mules for Mevenue Officers, 

Brewert, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewen, 
Spirit Merchants, &c. By J. B. Mamt (Inland Revenue). Second Edition, 
Revised. x8mo, 4s. leather. 

" TUs handy and useful book Is adapted to the requirements of the Inland Revenue Depail* 
ment, and will be a favourite book of reference." — Cvvilian. 

" Should b« in the hands of every practical brewer."— ^mvcrr' yountoL 



INDUSTRIAL ART S, TRADES, AND MANUFACTURES, 

Cotton Spinning. 

COTTON MANUFACTURE : A Manual of Practical Instruc- 
tion in the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning of Cotton, the Methods of Dyeing, &c. For the Use of Opera- 
tives, Overlookers and Manufacturers. By John Lister, Technical In- 
structor, Pendleton. 8vo, 7s. td. cloth. {Jt^it Published. 
"This invaluable volume is a distinct advane in the literature of cotton manufacture."— 
Machinery. 

" It is thoroughly reliable, fulfilling nearly all the requirements desired."— (P/aj^cm/ Herald, 

Flour Manufacture. Milling^ etc. 

FLOUR MANUFACTURE: A Treatise on Milling Science 

and Practice. By Fribdricb Kick, Imperial Regierungsrath, Professor of 

Mechanical Technology in the Imperial German Polytechnic Institute, 

Prague. Translated from the Second Enlarged and Revised Edition with 

Supplement. By H. H. P. Powlbs, A.-M.Inst.C.E. Nearly 400 pp. Illus- 

crated with 38 Folding Plates, and 1G7 Woodcuts. Royal 8vo, 255. cloth. 

** This valuable work Is, and will remain, the standard authority on the science of milling. . , 

TlM miller who has read and digested this work will have laid the foundation, so to speak, o7 a sue* 

ceHful career ; he will have acquired a number of general principles which he can proceed to 

apply. In this handsome volume we at last have the accepted text-book of modem millui^in good, 

■omul English, which has little, If any, trace of the German idiom."— 7*A« Miller. 

** The appearance of this cdebrated work In English is very opportune, and British millets 
wm, we are sure, not b« slow in availing themselves of its pages."— AftMcrr' Gojutte, 
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Agglutinants. 

CEMENTS, PASTES, GLUES AND GUMS: A Practical 
Guide to the Manufacture and Application of the various Agglutinants re- 
quired in the Building;. Metal- Working, Wood-Working and Leather- Work- 
ing Trades, and for Workshop, Laboratory or Office Use. With upwards of 
900 Recipes and Formula. By H. C. Standagb, Chemist. Crown 8vo, 
25. 6d. cloth. i}itst published, 

" We have pleasure !u speakings favourably of this rolame. So far as we have had experiencei, 

which is not inconsiderable, tliis manual is trustworthy."— ^/A^w^rMWf. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 

curiosity amons^ the larsre number of industries it touches."— /7<i&(x Chronicle. 

" In this G^oodly coOection of receipts it would be strange if a cement for any purpose cannot 

be foyxTiA."^Oil and Colourman's yournal. 

Heap-fnaking. 

THE ART OF SOAP-MAKING: A Practical Handbook of m 
Manufactun of Hard and Soft Soaps, Toilet Soaps, etc. Incladine many New 
Processes, and a Chapter on the Recovery of Givcerine from waste Leys. 
By Albxandbr Watt. Fourth Edition. Bnlargea. Crown 8vo, 7s. 6d, clotb. 
"The work will prove very useftd, not merdy to the tedmoloKlcal student, Ixtt to the psnctlca! 

fOBp-boQer who wishes to understand the theory of his aiW—Ckemieml New*. 

" A thorougrhly practical treatise on an art which has almost no HtetntnTO in our language. 

We congtetulate the author <m the success of his endevrooT to fill a void in EngUsb technical Hten- 

ture."— 7^aA<nc. 

Paper Making. 

PRACTICAL PAPER-MAKING : A Manual for Paper-makers 
and Owners and Managers of Paper- Mills. With Tables. Calculations, &c. 
Bv G. Clappbrton, Paper-maker. With Illustrations of Fibres from Micro- 
Pnotographs. Crown 8 vo, ;js. cloth. \Ji*st published. 

" The author caters for the requirements of responsible mill hands, apprentices. &c., whOst 
his manual will be found of great service to students of technology, as well as to veteran paper 
makers and mill owners. The illustrations form an excellent feature."— /><s^r Trade RezHew. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
hook."— Pa/er Making. 

Faper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw, and other Fibrous Materials, 
Including the Manufacture of Pulp from Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Albxanoer Watt, 
Author of " The Art of Soap-Making" With Illusts. Crown 8vo, ys. 6d, cloth. 
" It may be regarded as the standard work on the subject T he book Is fhll of valuaMe In- 
formation. The ' Art of ^per-making,' is in every respect a model of a text-book, either for a 
technical class or for the private student."— /*a/eraM<f Prinring" Trades youmoL 

Leather Manufacture, 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tannine Ex- 
plained, and many Recent Processes Introduced ; as silso the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gnt 
Dressing, &o. By Albxandbr Watt, Author of " Soap-Making/' fto. 
Second Edition. Crown Svo, 9s. cloth. 

"A sound, comprehensive treatise on tanning and Its accessories. It Is an eminently valuable 
production, which ledonnds to the credit of both author and publishess."— CA^Mico/ Bkdew, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cntting-Ont, Closing, and 

Making, with a Description of the most approved Machinery employed. 

By JoMM B. Lbno, late Editor of St. Crispin, and The Boot and Shoe-Maker, 

lamo, 2s. cloth limp. 

" This excellent treatiae is by far the best work ever written. The chapter on cHdring, 

iv'iich shows how waste may be prevented, will save fifty times the price of the book." 

ScetHsh LeeUMer Trader. 

Wood Engraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Studvofthe Art. By William Normam Browm. Second Edition. With 
numerous Illustrations, ismo, is. 6d. cloth limp. 

" The book Is clear and complete, and wiU be useftil to anyone wanting to understand the fink 
etaments of the beautifiil art of wood engraving."— (rns^Aic. 
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Watch Adjustinfi. 

THE WATCH ADJUSTER'S MANUAL : A Practical Guide 
for the Watch and Chronometer Adjuster in Making, Sprioging, Timing 
and Adjusting for Isocbronism, Positions and Temperatures. By C. *£. 
Fritts. 370 pages, with Illustrations, 8vo, i6s. cloth. [Just publishel. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of ClauI^ius Saunier, ex-Director of dte 
School of Horology at Ma9on, by Julien Tripplin, F.R.A.S., Besan^oo 
Watch Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Muit. 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super- 
royal 8vo, £a 35. cloth ; £2 los. half-calf. 
*' There Is no horokwical work In the English ianeuage at all to be compared to this produc* 
liofi of M. Saunter's for deamess and comi^leteness. it is alike good as a gtxide for the stuaent and 
M a reference for the experienced horologist and skilled workman." — Horological JoumeU, 

" The latest, the most complete, and the most reliable of those literary productions to which 
eontinental watchmakers are indebted for the mechanical superiority over their English brethren 
—In fact, the Book of Books, is M. Saunter's ' Treatise. ' "— JVafcMtnaJker, yetutlier anaSilvertmUh, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and comsidera- 
ably enlarged by Julien Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward RiGG, M. A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crawn 
8vo, 9s. cloth. 
" Each part is truly a treatise In Itself. The arrangement Is good and the language Is clear and 

eoocls«. It IS an admirable guide for the young watchmaker."— fMWM^eriffjp-. 

" It Is Impossible to speuc too highly of its excellence. It fulfils every requirement In a hand. 

book Intended for the use ol a workman. Should be found in every workshop."— ffaAcA and 

Cl0cktHaMer. 

" Thb book contains an immense number of practical details bearing on the daily occupation 

of • watchmaker."- IVoUhmakcr and Mitalv/orker (Chicago). 

Watches and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 

By Jaues F. Kendal, M. B.H.Inst, is. 6<<. boards ; or 2s. 6i. cloth gilt. 

"Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
Bng^s^ laxiguam."— Industries. 

" Open the Dook where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entertakuag 
■plirit, as might be expected of a historian who is a master of the cx^it."— Saturday Review. 

Electrolysis of Gold, Silver, Copper, etc, 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Aloys. With descrip- 
tions oi Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department o< 
the Art. and several Chapters on Electro- Metallurgy. By Alexandbr 
Watt, Author of "Electro- Metallurgy," &c. Third Edition.Revised. Crown 

Bvo, gs. cloth. 

"Eminently a book for the practical worker In electro-deposition. It contains practical 
descriptions of'^ methods, processes and materials as actually pursued and used In the workshcp." 

EHectrO'MetaUurgy. 

ELECTRO-META LL URG Y ; PractiiMlly Treated. By Alexander 
Watt, Author of " Electro-Deposition,*' &c Tenth Edition, including the 
most recent Processes. z2mo, 4^. cloth boards. 

"From this book both amateur and artUan may learn everything necessary for the suci-essfk 
ptowcution of electroplating."— /rv». 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD : A Practical Treatise for Masters and Workmen, Complied 
from the Experience of Thirty Years' Workshop Practice. By George E, 
Gee, Author of "The Goldsmith's Handbook," &c. Cr. 8vo, 7s. 6d. cloth. 
" This manual of technical education is apparently destined to be a valuable auxiliary to a 

tiandicraft which is certainly capable of great improvement."— The Times. 

" Very useful in the workshop, as the knowledge is practical, having been acquired by long 

experience, and all the recipes and directions are guaranteed to l>e successfuL*'— yra/^/ftr a«$d 

Metaiworker. 
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Electroplating. 

ELECTROPLATING : A Practical Handbook on the Deposi- 

Hon of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries, and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E., Author of " Eiectrlo 
Light," &c. Third Edition, with Additions. Crown 8vo. 55. cloth. 

** An excellent practical manyxaL"—EMeiMeeriMg, 

** An excellent work, f^yiag the newest \ji£ortaa,^oii."—Horologicml yaurtuU^ 

JBlectrotyping, 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
mg Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhart, C.E. Crown 8vo, 5s. cloth. 
** The book is thoroughly practicaL The reader Is, therefocei, coodncted tbroasfa di« leadliig 

laws of electricity, then throaffh the metals used by electrotypeis. the apparatus, andUie depodllBC 

piocesMS, up to the final preparation of the work."— wtfrT Jtumal, 

Goldsmiths^ Work. 

THE GOLDSMITH* S HANDBOOK. By Gkorgb E. Gee. 

Teweller, &c. Third Edition, considerably Enlarged, xamo, 35. td. cl. bds. 
''^A good, sound educator, which will be accepted as an MXitimHtr,"—fforoio^tcal youmal. 

Silversmiths* Work. 

THE SiLVERSMITWS HANDBOOK. By George E. Gee, 

dweller, &c. Second Edition, Revised. lamo, 3s. td, cloth. 
"'The chief merit of the work is its practical character. . . The workers In the trade wHl 
speedily discover its merits when they sit down to study i!L"—BngrHsh Mgchanic. 
*** The above two works together, strongly half'bound, price 7$. 

Slieet Metal Working. 

THE SHEET METAL WORKER'S INSTRUCTOR: For 

Zinc, Sheet Iron, Copper, and Tin Plate Workers. Containing Rules for 
describing the Patterns required in the Different Branches of the Trade. 
By R. H. Warn, Tin Plate Worker. With Thirty-two Plates. 8vo, 7s. W. cl. 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
Bv Robert Wblls, Practical Baker. Crown 8vo, 2s, cloth. 
** A large number of wrinkles for the ordinary cook, as well as the baker."— 5a/Mn<!^ Revitw. 

Confectionery for Hotels and Restaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE, 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells. Crown 8vo, 25. cloth 

" We cannot speak too highly of this really excellent work. In these days of keen competltioB 
our readers cannot do better tkan purchase this book."— HaJktrs' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells. Crown 8vo, cloth eilt, 5s. 

" A valuable work, practical, and should be in the hands of every baker and confectioner. The 
■■strative designs are alone worth treble the amount charged for the whole wotk."—BaJkert' Times. 

Flour Confectionery. • 

THE MODERN FLOUR CONFECTIONER. Wholesale and 

Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 

&c. With Remarks on the Ingredients used in their Manufacture. By 

R. Wells. Crown 8vo, as. cloth 

** The work is of a decidedly practical character, and in every recipe regard is had to ocenoml- 
cal working."— A^tfr/A British Daily Mail. 

Laundry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machineiy 
and Appliances for Laundry Work. By the Editor of •• The Lanadry 
JournaU' Second Edition. Crown 8vo, as. 6d, cloth. 
•'This book should certainly occupy an honoured place on the shelves of all hoosekeepers 
vae-msD t^keep themselves au courant of the newest appliances and aiethods."— r^ Queen. 
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HANDYBOOES FOB HANDIGBAFTS. 

By PAUL N. HASLUCK, 

Editor of "Work" (New Series); Author of "Lathbwork," "Milumo 

Machines," &c. 
Crown 8vo, 144 pages, cloth, price is. each. 

tST 7Af5e Handybooks have been written to suptly information for V/oRKUEiK, 
Students, and Amateurs in the several Handicrafts, on the actual Practice of 
the Workshop, and are intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes employed, and themanipu- 
lation of material^ workshop terms are used; workshop practice is fully explained: 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes, 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Foot-Lathe. With over 100 Illustrations. Price is. 
" The book will be of service alike to tbe amateur and the artisan turner. It displays thorough 
knowledge of the sxib}ect."— Scotsman. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Lathe, With over zoo Illustrations. Price is. 
"We recomnvsnd the book to young turners and amateurs. A multitude of workmen have 
httberto sought in rain for a manual of thu special industry."— J/«cAa»^i»/ JVorld, 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning^ Repairing, and Adjusting, With upwards of zoo Illustrations. 
Price zi. 
** We strongly advise all young persons connected with the watch trade to acquire and study 

this inexpensive ■wotk."—CUrJtett'weU ChronicU, 

THE PATTERN MAKER'S HANDYBOOK, A Practical 

Manual on the Construction oi Patterns for Founders. With upwards of 
zoo Illustrations. Price is. 
" A most valuable, if not indispensable, manual for th? pattern makitt.'*—K*unuledg^. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practical 

Manual on Mechanical Man^ulation. Embracing Information on various 

Handicraft Processes, with Useful Notes and Miscellaneous Memoranda! 

Comprising about soo Subjects. Price zs. 

** A very clever and useful book, wlucu should be found in every workshop ; and it should 

oertainly find a place in all technical schoob."— 5a/wn^ Review. 

THE MODEL ENGINEER'S HANDYBOOK. A Practical 
Manual on the Construction of Model Steam Engines. With upwards of zoo 
illustrations. Price is. 
** Mr. Hasluck has produced a very good little hook."— Builder. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting. With upwards of 100 Illustrations. 
Price zs. 
" It is of inestimable servfre to those commencing the tndt."-~Coventry Standard, 

THE CABINET WORKER'S HANDYBOOK: A Practical 

Manual on the Tools, Materials, Appliances, and Processes employed in 

Cabinet Work. With upwards of zoo Illustrations. Price is. 

" Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides we have 
seen for beginners in cdXAasX-iioi^."— Saturday Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL IN- 
STRUCTION, Embracing Information on the Tools, Materials, Appliances 
and Processes employed in Woodworking. With Z04 Illustrations. Price zs 

\just published, 

THE METALWORKER'S HANDYBOOK. With upwards of 100 
Illustrations. [/» preparation, 

*,^* Opinions of the Press. 

** Written by a man who knows, not only how work ought to be done, but how to do it. and 
Iww to comey his knowledge to othits."—£ngineerit$g'. 

" Mr. Hasluck writes admirably, and gives complete iDstxuctions."—EHg'ineer. 

" Mr. Hasluck combmes the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of 
what can be produced at a popular price."— ScMaoimaster. 

" Helpful to workmen or all ages and degrees of experience."— Ai^ Chronicle, 

** Practical, sensible, and remarkably <Aktdi.p."—you»tutlq/'Edutaiion. 

«* CoBdse, dear and pxdx^aL"— Saturday Review. 
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^■^^^1 ' — 

COMMERCE, COTO TING-HOUSE WO RK, TABLES, ete. 
Cofiifnerciai French* 

A NEW BOOK OF COMMERCIAL FRENCH: Grammar- 
Vocabulary — Correspondence — Commercial Documents — Geography — 
Aritbmetic^Lexicon. By P. CARROui, Professor in the City High School 
J.— B. Say (Paris). Crown 8vo, 4s. W. cloth. u^tst published 

Commercial Education. 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by Jambs 
Gault, Professor of Commerce and Commercial Law in King's College, 
London. Second Edition, Revised. Crown 8vo, 3s. 6d. c\oXh.[Just published, 

" The publishers of this work have rendered considerable service to the cause of commerda 
education by the opportune production of this volume. . . . The work is peculiarly acceptable 
to EogUsh readers and an admirable addition to existing class-books. In a phraseu we think tb« 
work attains its object in furnishing a brief account of those laws and customs of British trade with 
which the commercial man interested therein should be familiar."— CAamter ofCommeraycu*^^ 

" An invaUiable guide in tlie hands of those wlu> are preparing for a commercial career." 

Counting H(ms0 

Foreign Commercial Correepondenee* 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Langaagea— English, French, 
German. Italian, and Spanish. Bv Comrao B. Bakbr. Second Edition. 
Crown 8vo, 3s. 6d. cloth. 

' *WhoeTer wishes to correspond in aDthe languages mentioned by Mr. Baker cannot do bettei 
thwi rtady this work, the materials of which are excellent and conveniently arranged. They consist 
not Of entire specimen letters but— what are far more useful— short passages, sentences, ov 
phtastts expressmg the same general idea m various totms."—Atk€naum, 
^^" A careful e x a min a t ion has convinced ns that it is unuiually complete, well arranged, and 
mmuc The book is a thoroughly good OD»."SchofflmatUr, 

Accounts for Manufacturers* 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts : the Rating of Fae- 
tories ; Fire and Boiler Insurance ; the Factory and Workshop Acts. &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By EifiLB Garckb and J. M. Fells. Fourth Edition, Revised and En- 
larged. Demy 8vo, 350 pages, 6s. strongly bound. 

. ** A v««rfaiterestJig description ofthereqnirements of Factory Accounts. . . . theprlncfole 
Off aadmOatUig the Factory Accounts to the general commercial books Is one which we tiiocoughly 



I with."— ^awM/an^' ycumal. 
" Characterised by extreme thoroughness. There are few owners of factories who would not 
denve great benefit from the perusal oTthis most admirable wotik."— Local Gavemmtm CArvnic/e. 

Modern Metrical Units and Systems* 

MODERN METROLOGY: A Manual of the Mttrical Onits 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jacksom, A.M.Inst.C.E., Author of ^' Aid 
to Survey Practice," Ac. Large crown 8vo, 185. 6d. cloth. 

*' We recommend the work to all interested in the practical reform of our weights and mea* 
warn."— Nature. 

The Metric System, and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 

Ofd Measures and Weights are compared with those of the Metric System at present 

im Use on the Continent, By C. H. Dowling, C.E. 8vo, zos. M. strongly bound 

"Btr. Bowling's Tables are well pot together as a ready-reckoner fiw the cooverston off 
- Into the other."— ^/Aryurvm. 



Inm Shipbuilders' and Merchants' Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron ShifbuOders, 
Bngimers, and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes ol Iron Plates, from i foot by 6 in. by \ in. to 
zo feet bv s feet b^ i in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of i mch in thickness. Carefully compileo and thoroughly Re- 
vised by H. BuRLiHsoN and W. H. Simpson. Oblong 4to, as*, half-botmd. 
-# 'lyM* ^'^'^^^ ^^ of great utiKty. The authors have had much practical experience 
tS!?te^e3S&oi".!S?/S'K?A*^ "^ "*• "^ '"^ ^^ ^"» -'• "»«^ ti««ta..king 



COMMERCE, COUNTING-HOUSE WORK, TABLES, tU, 41 

CFuMivick^s Calculator for Numbers and Weights 
Combined, 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LA TORt ContainiDg upwards of 3S0|000 Separate Calculations, showing at 
a glance the value at 43a diflerent rates, ranging from rittb of a Penny to 
aol. each, or per cwt., and £90 per ton, of any number ot articles consecu- 
tively, from I to 47o.^Any number of cwts., qrs., and lbs., from x cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Revised and Imh 
proved. Svo.xSs., strongly bound for Office wear and tear. 

tsr Is adapted for the ust of Accountants and Auditors, Railway Companies^ 
Canal Con^^antes, Shippers, Shipping Agents, General Carriers, etc. Ironfounderst 
Brass/ountnrs, Metal Merchants, Iron Manufacturers, Ironmongers, Engineers, 
Machinists, Boiler Makers, MillwiigMs, Roofing, Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors,, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, Mill FumisherSp 
Merchants, and General Wholesale Tradesmen, Also for the Apportionment 
Mileage Charges for Railway Traffic, 

" It is as easy of reference for any answer or aay number of answers as a dictionary, and tbm 
feferences are even more quickly made. For makings up accounts or estimates the book most 
prove invaluable to all who have any considerable quantity of calculations involving^ price andl 
measure in any combination to do."— JEngifieer. 

Harben^s Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from x lb. to X5 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed ai 
sight), will afford an aggregate of xo,266,ooo Answers ; the whole being calcu' 
lated and designed to ensure correctness and promote despatch. By Hrnri» 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vO(. 
£1 5s. strongly half-bound. 

" A practical and useful work of reference for men of business generally ; It Is the best of th» 
kind we nave seen."— /rvwM^wxv. 

" Of priceless value to bu^ess men. It Is a necessary book In all mercantile offices."— ^A«A 
/!tU IneUftndent, 

Harben's Comprehensive IHscount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Iroimiongers, and others, 
by^ which may be ascertained the exact Profit arismg from any mode of using. 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Frofit or Advance from i\ to 
90 per cent.. Tables of Discount from x^ to 98I per cent., and Tables of Com- 
mission, &c., from i to xo per cent. By Henry Harben, Accountant. New 
Edition, Revised and Corrected. Demy 8vo, 544 pp., £1 55. half-bound. 

" A book such as this can only be appreciated by business men, to whom the savmc of tlme> 
■wans saving of money. We have the lugh authority of Professor J. R. Young that the tables 
thfougliout the work are constructed upon strictly accurate principles. The work is a modeh 
of typographical clearness, and must prove of great value to merch«nts> manufiicturers, and 
general traders."— ^riMrA TrtuU yottmoL 

New Wages Calculator. 

TABLES OF WAGES at 54, 52, 50 and 48 Hours per Week. 
Showing the Amounts of Wages from One-quarter-of-an hour to Sixty-four 
hours in each case at Rates of Wages advancing by One Shilling from 4s. to< 
^55. per week. By Thos. Garbutt, Accountant. Square crown Svo, ta.. 
half-bound. [Just published. 

Iron and Metal Trades* Calculator* 

THE IRON AND METAL TRADES' COMPANION. For 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS. per cwt. to xxas^er cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Downie. 396 pp., 9s. leatnec. 
** A most useful set of tables : nothing like them before existed."— BttiltUnfr Newt, 
"Although specially adapted to the iron and metal trades, the tables wUfbe found naeful li> 
•very other busiaeM in wUcn merchandise Is bought and sold by weight"— J{«<faM(y Ntwt. 
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"DIRECT CALCULATOR S," 

By M. B. COTSWORTH, of Holgate, York. 

•OUICXEST AND MOST ACCURATE MEANS OF CALCULATION KNOWN. 

ENSURE ACCURACT and SPEED WITH EASE, SAVE TIME and MONET. 
Acoounts may be charged out or checked by these meant in about one 
third he time required by ordinary methods of calculation. These 
unrivalled ** Calculators *' have very clear and original contrivances 
for instantly finding the exact answer, by its fixed position, without 
even sighting the top or side of the page. They are varied in arrange- 
ment to suit the special need of each particular trade. 
All the leading firms now use Calculators, even where they employ experts, 
H.B.— Indicator letters in brackets should be quoted. 



*• RAILWAY &- TRADERS* CALCULATOR " (R. & T.) los. 6d. 




loos. per ton. " Wages Calculator." " Percentage Rates." " Grain, Floar, 
Ale, Ac, Weight Calculators." 

*' DIRECT CALCULATOR (I R) " including all the above except 
" Calculating Tables." 75. 

** DIRECT CALCULATOR (A)" by Ji., 25. each opening, exact 
pence to 40s. per ton. 5s. 

** DIRECT CALCULATOR (B) " by li., 45. each opening, exact 
pence to 405. per ton. 45. 6d. 

<' DIRECT CALCULATOR (C) " by id. (with Cwts. and Qrs. to 
nearest farthing), to 40s. per ton. 4s. 6d. 

^'DIRECT CALCULATOR (Ds) " by id. gradations. (Single Tons 
to 50 Tons, then by fifties to x,ooo Tons, with Cwts. values below in exact 
pence payable, fractions ot^d, and upwards being counted as z^. 65. 6d. 

^'DIRECT CALCULATOR (D) " has from 1,000 to 10,000 Tons in 
addition to the (Ds) Calculator. 75. 6d. 

^'DIRECT CALCULATOR (Es) " by id. gradations. (As (D) to 
1,000 Tons, with Cwts. and Qrs. values shown separately to the nearest 
farthing). 55. 6d. 

^'DIRECT CALCULATOR (E) " has from 1,000 to 10,000 Tons in 
addition to the (Es) Calculator. 65. 6d. 

** DIRECT CALCULATOR (F) " by id,, 2S. each opening, exact 
pence to 40s. per ton. 4s. 6d. 

^' DIRECT CALCULATOR (G) " by id., is. each opening ; 6 in. by 
9 in. Nearest id. Indexed (Q I) 3s. 6d. 25. 6d. 

*' DIRECT CALCULATOR (H) " by id., is. each opening ; 6 in. by 
9 in. To exact pence. Indexed (H I) 3s. 6d. as. 6d. 

*' DIRECT CALCULATOR (f)" Showing Values of Tons, Cwts. 
and Qrs. in even pence (fractions of id. as id.), for the Retail Coal Trade. 
As,6d. 

•• RAILWA Y AND TIMBER TRADES MEASURER AND CAL- 
CULA TOR (T) " (as prepared for the Railway Companies). The onljr book 
published giving true content of unequal sided and round timber by eighths 
of an inch, quarter girth. Weights from Cubic Feet— Standards, Superficial 
Feet, and Stone to Weights— Running Feet from lengths of Deals— Standard 
Multipliers— Timber Measures— Customs Regulations, &c. 3s, 6d, 
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AaSICULTURE, FABMING, QARDENZHG, eto. 

Dr. Fream'a New Edition of "The Standard 
Treatise on Agriculture." 

THE COMPLETE CRAZIER, and FARMER'S and CATTLB- 
BKEEDERS ASSISTANT: A CompeDdium □< KtubandrT. Oiigliullr 
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British Farm Hve Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robbht 
Wallace, F.L.S., F.R.S.E., kc, Profesaoi of Aiiiciiliure vid Raial Eco- 
nomy in [lie Untvstsily of Edlrburgb. Third Eauion, ihorouehlj RaviBBd 
and conslderablT Enlu-Eed. With overiio Phololvpes ofPiiie Stock. Demf 
Bvo, 384 pp.. wlib 7? Plates 8nd Maps, i«. M. cloth. 



44 CROSBY LOCK WOOD S- SON'S CATALOGUE. 

Dairy Farming. 

BRITISH DAIRYING, A Handy Volume on the Work of the 
Dairy-Farm. For the Use of Technical Instruction Classes, Students ift 
Agricultural Colleges, and the Working Dairy-Farmer. By Profj.P. SHELDONr 
ate Special Commissioner of the Canadian Government, Author of " Dairy 
Farming," &c. With numerous Illustrations. Crown 8vo, 2s. 6d. cloth. 
" We confidently recommend it as a text-book on dairy (zxia\afi"~-Agrriculturai Gazette. 
" Probably the best half-crown manual on dairy work that has yet b«en produced."- North 
British Agriculturist. 

" It is the soundest little work we hare yet seen on the subject"— 716^ Times. 

JDairy dfanuah 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Properties and the Processes of their Production, including a 
Chapter on Cream and the Methods of its Separation from Milk. By John 
Oliver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and 200 Illusts. Crown 8vo, ys.Gd. cloth. [jfust published, 
" An exhaustive and masterly prcduction. It may be cordially recommended ;o all students 
and practitioners of dairy science."— JV.5. Agriculturist. 

" We strongly recommend this very comprehensive j>nd carefully- written book to dairy-fanners 
and students of dairying. It is a distinct acquisition to the library of the ^!giica\X.\u\sX.."— Agricul- 
tural Gazette. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConneul, 
B.Sc. Fifth Edition. Royal 32mo, roan, gilt edges, with band, 45. 
" Literally teems with information, and we can corcUally recommend U to all connected nWk 
agriculture."— ;V0r/A British Agriculturist. 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Ussons of my 
Farm. Being an Introduction to Modem Farm Practice for Small Farmers. 
By R. Scott Burn. With numerous Illustrations, crown 8vo, 65. cloth. 
" This is the completest book of its class we have seen, and one which every amateur fiurmer 
will read nnxh pleasure and accept as a eude."— /^ftr/of. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Eiconomy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,350 pp., half- 
bound, profusely Illustrated, 125. 

" The aim of the author has been to make his work at once comprehensive and trustworthy 
and he has succeeded to a degree which entitles him to much cndLU—Momifig Advtrtiser. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings ; Bam Implements and Ma- 
chines ; Field Implements and Machines ; Agricultural Surveying, &c. By 
Prof John Scott. 1,150 pages, half-bound, with over 600 Illustrations, t2s. 
"Written with great care, as well as with knowledge and ability. The author has done Us 

work well ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural students,"— A/ar/k Lant Express. 

Agricultural Text^Book. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Edition, Revised, with Additions. i8mo, as, 6d. cloth. 
"A most comprehensive volume, giving a mass of information."— ^,£?rKwA!Mra/ Economist. 
" It is a long time since we have seen a book which has pleased us more^ or which contains 
such a vast and usefiil fund of knowledge."— £<^Ma»ri0»a/ Times. 

Tables for Farmers^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmets. Graziers, Agricultural Students, Surveyors, Land Agents, Auc- 
tioneers, etc. With a New System of Farm Book-keeping. By Sidney Fran> 
CIS. Third Edition, Revised. 272 pp., waistcoat pocket size, 15. 6d. leather. 
" Weighing less than x oz., and occupying no more space than a match box, tt contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole 
of the tables having been revised by Dr. Fream. We cordially recon^mend it."— BelTs fVeekh 
Messenger. 



AGRICULTURE, FARMING, GARDENING, eU. 45 

Artificial Manures and Foods* 

FERTILISERS AND FEEDING STUFFS: Their Proper- 
ties and Uses. A Handbook for the Practical Farmer. By Bernard Dyer, 
D.Sc. (Lond.) With the Text of the Fertilisers and Feeding Stuffs Act of 
1893, the Regulations and Forms of the Board of Agriculture and Notes on 
the Act by A. J. David, B.A., LL.M., of the Inner Temple, Barrister-at-Law. 
Crown 8vo, leo pages, is. cloth. r7«s' published. 

'• An excellent shilliugs jrorth. Dr. Dyer has done farmers gocd service in placing at their dis- 
posa so much useful information in so intelligible a form."— The Times. 

The Management of Bees, 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage- 
ment df the Apiary. By G. Gordon Samson. Crown 8vo, is. cloth. 
" The intending bee-keeper will find exactly the kind of information required to enable him 

to make a successfm start witn his hives. The author is a thoroughly competent teacher, and his 

book may be commended." — Morning' Post. 

Farm and Estate Book-keeping* 

BOOK-KEEPING FOR FARMERS * ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Crown 8vo, 3s. 6d. cloth boards ; or 2S. 6d. cloth limp. 
" The volume is a capital study of a most important subject "—^^rieT</rMra/ Gazette. 
The young farmer, land agent, and surveyor -will find Mr. Woodman's treatise more tlian 
cepay its cost and study.''— Buiiaing' News. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diarv, and showing the Income and ExpeU' 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. By Johnson M. Woodman, Chartered Accountant, Author of " Book- 
keeping for Farmers." Folio, 7s. 6d. half bound. [cuUur* 
"Contains every requisite form for keeping farm accounts readily and accurately."— .^^v^ 

Early Fruits^ Flowers, and Vegetables. 

THE FORCING GARDEN ; or, How to Grow Early Fruits. 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. By Samuel Wood. Crown 8vo, 3s. 6i. cloth. 
" A good book, and fairly fills a place that was in some degree vacant The book is written with 
4pvaX. care, and contains a great deal of valuable teaching."— &ar<&/f«rr' Magannt, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with con- 
siderable Additions, Sec, and numerous Illustrations Crown 8vo. 3s. 6d. cl. 
"A very good book, and one to be liighly recommended as a practical guide. The practical 

■directions are excellent." — Athemeum. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy information it gives on common matters too often neglected."— 

Gmrdtturs' ChronicU, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £62oa-year by the Cultivation of Fruits and Vegetables ; 
also. How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentieman's 
4|gvdener, but to the marlcet grower." — GanieMers' Magaaim, 

Gardening for Ladies. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and AmaUuts' Complete Guide, With Illusts. By S. WooD.*Cr.8vo, 3s. 6d, cL 

Receipts for Gardeners. 

GARDEN RECEIPTS, Edited by Charles W. Quin. i2mo, 
IS. 6d. cloth limp. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden." Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." lamo 3s. 6d. cloth boards. 
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AUCTIONEERING, VALUING, LAND SURVEYING 

ES TATE AGENCY, e te. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
BSTA TB AGENT AND VALUER'S POCKET ASSISTANT, for the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property gener^ly; with Prices for Inventories, &c. Bv John Whbblbb 
Vainer, &c. Sixth Sdition, Re- written and greatly extended by C. NorriSi 
Surveyor. Valuer, &c. Royal samo, 5s. cloth. 

" A nest and condse book of reference, containlnsf an admimble and dearly-amnsed list of 
prices for hiTentories, and a very practical suide to determine the Talue of fondtixn,itc"—Sta ndmrd , 
" Contains a large quantity of varied and useful information as to tbe valuation for purchasa^ 
ale, or renewal or leases, annuities and reversions, and of property generaUy. with prices for 
laventories, and a guide to determine the value of interior fittings and oUier effects."— A«tfater. 

Auctioneering. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 

Squibbs, Auctioneer. Second Edition, Revised and partly Re- written. Demy 

8vo, I4S. 6d, cloth. 

*♦* Opinions of the Press. 

" The standard text-book on the topics of which it treats."— A tJunaum. 

" The woik U one of general ezceUent character, and gives much information in a compen- 
dlotts and satisfactory (oTm."—BMiUler. 

" May be recommended as giving a great deal of information on the law relating t9 
auctioneers, in a very readable form."— Z.a«/ Journal. 

" Auctioneers m^ be coagratulated on having so pleasing a writer to minister to their spedal 
otitis."— Solicitor^ JoumeU. 

"Every auctioneer ought to possess a copy of this ezceUent worlc."— /rmM0»v«r. 

" Of great value to the profession. . . . We readily welcome this book from the &ct that It 
tnats the subject in a manner somewhat new to the profession." — Estates GoMtUe* 

Inwood^s Estate Tables. 

TABLES FOR THE PURCHASING OP ESTATES, Freehold^ 
Copyht>ld,or Leasehold; Annuities, A dvowsons, etc,, and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodie* 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 24th Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficull 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdob 
Thoman, of the Soci^t^ Cr6dit Mobilier ot Paris. Crown 8vo, 8s. cloth. 
"Those interested in the purchase and sale of estates, and in the acyustment of compensation 

eves, as well as in tnmsactions in annuities, life insurances, dec, will find the present edftkmof 

eaalnent sieniice."—E*v'ne€ritt£. 

" ' Inwood's Tables ' still maintain a most enviaUe raputaLon. The new issoe has been enfkhe<> 

by arge additional contributions by M. Fedor Thoman, wliose carefully arranged Tables cannot 

fiul to be of the utmost utility."— ir<»<»%r youmal. 

Agricultural Valuer's Assistant. 

THE AGRICULTURAL VALUERS ASSISTANT, A Prac 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stuffs, 
Manures, and Labour; with Forms of Tenant-Right- Valuations, Lists or 
Local Ag^ultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Tom Bright, Agricultural Surveyor. Second 
Edition, much Enlarged. Crown 8vo, 5s. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, laboor, 

contents, and weights of timber, and ferm produce of all kinds." — AgrictUtStral Gamett*. 

" An eminentty practical handbook, full of practical tables and data of undotibtod interoit and 

value to surveyors and auctioneers in preparing valuations of ail kinds."— «AsrMMr. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale, or Assessment. By Ton Bright, Author of 
" Tbe AgriculturalValuet s Assistant," &c. Crown 8vo, 3s. 6d. cloth. 
" To valuers, foresters and agents it will be a welcome aid."— AT^rM British AgrtcuUurisU 
"We n calculated to assist the valuer in the discharge of Ills duties, and of undoubted Inteml 
^ use both to surveyors and auctioneers in piepaitng valuations of aU kinds."— iiTcM/ Hetmbt, 
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Hudsim's Land Valuer's Bocket^Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a venr much Improved Plan, for Calcnlatm|| the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Royal samo. 4s. leather. 
" Of incalculable value to the country gentleman and professional man."— Farmers' journal.. 

Mwart'8 Land Improver's Bocket-Book* 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES^ and MEMORANDA required in any Computation relating to the- 
Permanent Improvement of Landed Property. By John Ewart, Surveyor. 
Second Edition. Royal asmo, 4s. leather. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Being of the above Two Works bound together* 
Leather, with strap, 7$. 6d. 

House Property. . 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and 
Surveyor. Fifth Edition, Enlarged, lamo, 55. cloth. 
" The advice Is thoroughly practical."— Zaw yourrtal. 

" For idl who have dealmgs with house property, this is an Indispensable guide."— Z>m9»vM^. 
" Carefully brought up to date, and much improved by the addition of a division on fin* 
ait. . . . A wdl-writtenandthousrhtfulworlc"— £^n</4£VH/>^«cortf. 



LAW AN D MISCELLA NEOUS, 

Pocket-Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 
Sanitary Practice and Law. For Medical Officers of Health, Sauitary In^ 
spectors, Members of Sanitary Authorities, &c. By Edward F. Willoughby, 
M.D. (Lend.), &c., Author of •' Hygiene and Public Health.»* Fcap. 8vo, 
7s. 6d. cloth, red edges, rounded corners. [Just published, 

" A mine of condensed information of a pertinent and useful kind on the various subjects off 

which it treats. The matter seems to have been carefully compiled and arranged for facility 3 f 

reference, and it is well illustrated by diaerams emd woodcuts. The different subjects are 

succinctly but fuly amd scientifically dealt with."— TAc Lancet. 

" An excellent publication, dealing with the scientific, technical and legal matters connected 

with the duties of medical officers of health and sanitary inspectors. The work is replete with 

information."— Z.<K»/ Govemrrunt journal. 

Journalisnii 

MODERN JOURNALISM. A Handbook of Instruction and 
Counsel for the Young Journalist. By John B. Mackie, Fellow of the Insti- 
tute of Journalists. Crown 8 vo, as. cloth. [Just published. 
" This invaluable guide to journalism is a work which all aspirants to a journalistic career wil 
read with advantage."— yc?«r«a/ts/. 

Private Bill Legislation and Provisional Orders, 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways, Tramways, Gas and Water 
Works, &c. By L. Livingston Macassby, of the Middle Temple, Barrister- 
at-Law, M.Inst.C.E. 8vo, 25s. cloth. 

Law of Patents, 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM, Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, is. 6d, cloth. 

Labour Disputes, 

CONCILIATION AND ARBITRATION IN LABOUR DIS 
PUTES : A Historical Sketch and Brief Statement of the Present Position 
of the Question at Home and Abroad. By J. S. Jeans, Author of "England's 
Supremacy," &c. Crown Svo, 200 pp., as. 6d. cloth. [Just published, 

" Mr. Jfeans is well qualified to write on this subject, both by his previous books and by his 
tactical experience as an arbitrator."— 77r« Timts. » 
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A. Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. With A CONCISE DICTIONARY 
OF LEGAL TERMS. By A Barrister. Thirty-second Edition, carefolly 
Revised, and including New Acts of Parliament of 1894. Comprising the 
Local Government AcU 1894 (establishing District and Parish Coancils) ; 
Finance Act, 1894 (imposing the New Death Duties) \ Merchant Shipping Act^ 
1894 ; Prevention of Crueltv to Children Act, 1894; Building Societies Act, 1894 ; 
Notice of Accidents Aci, 189^ ; Sale of Goods Act, 1893 5 Voluntary Conveyances 
Act, 1893; Married Women^s Propeity Act, 1893; Trustee Act, 1893 ; Fertiliser 
and Feeding Stuffs Act, i8qj; Betting and Loans (Infants) Act, 1893; Shop 
Hours Act, 1^2 ; Small Holdings Act, 1892; and many other important new 
Acts. Crown 8vo, 750 pp., price 6s. 84. (saved at every consultation I ), 
strongly bound in cloth. D^^' published. 

*i^* The Book will be found to comprise (amongst other matter)^ 

The Rights and wrongs of indfviouals— landlord and Tenant— vendors 
AND PURCHASERS— Leases and mortgages— principal and Agent— Partnership 
AND companies— Masters, servants, and workmen— contracts and agreements 
—Borrowers, lenders, and sureties— Sale and purchase of Goods -Cheques, 
Bills, and Notes-Bills of Sale— Bankruptcy— Railway and Shipping Law- 
Life, Fire, and Marine Insurance— Accident and Fidelity Insurance— Criminal 
Law— parliamentary Elections— County Councils— District Councils— Parish 
councils— municipal Corporations— Libel and Slander— public health and 
NUISANCES— Copyright, Patents, Trade Marks— Husband and Wife— Divorce— 
infancy— Custody of Children -Trustees and Executors— Clergy. Church- 
wardens, ETC.— Game Laws and Sporting-Innkeepers— horses and dogs— Taxes 
AND Death Duties— Forms op Agreements, Wills, Codicils, Notices, etc. 



The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as pos.ible, with professional 
■assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
-many persons have as great a dread of a lawyer*s office as of a Ju)n*s den. With this 
book at hand it is believed that many a Six-and-Eightpbncs may be saved; many 
a wrong redressed- many a right reclaimed; many a law suit avoided; and many 
an evil abated. The work has established itself as the standard legal adviser of ail 
classes, and has also made a reputation for itself as a useful boon of reference for 
lawyers residing at a distance from law librartesi who are glad to nave at hand a 
■work embodying recent decisions and enactments, 

*«* Opinions of the Press. 

" A complete code of Enfiiish Law, written In plain languam, which all can nnderstand. 
ould be in the hands of every business man, and all who wish to aBolish lawyers' bills. . . 

fFeeiUy Times. 
*' A useful and concise epitome of the law, compiled with considerable care."— Z^rw Magtuitu. 
" A complete dig^est of the most useful facts which constitute Engriish ]a.w."— Globe. 
" Admirably done, admirably ixnaged, and admirably cheap."— Zm<& Mercury. 

** A concise, cheap and complete epitome of the English law. So plainly written that he who 
•cons may read, and he who reads may understand."— ^^ar^. 

"The latest edition of this popular book ouj^htto be in every bu^ess establishment, and on 
«Tery library \A\i\e."— Sheffield Post. 

" A complete epitome of the law ; thoroughly intelligible to non-professional readers." 

BelFs Li^. 

Legal Guide for JPaivnbrokers^ 

THE LAW OF LOANS AND PLEDGES. With Statutes 
and a Digest of Cases. By H. C. Folkard, Esq., Barrister-at-Law. Pcap. 
8v0| 35. 6d. cloth. 

^The Law of Contracts, 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Worlcs and Services. By David Gibbons. Fourth Edition 
Appendix of Statutes by T. F. Uttley, Solicitor. Fcap. 8vo, 3s. 6d. oloth! 

•The Factory Acts. 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
(1878-1891). For the Use of Manufacturers and Managers. By Emilb 
Garckb and J. M. Fells. (Reprinted from " Factory Accounts.*') Crown 



8vo, 6d. sewed. 
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WEALE'S SOIEHTIFIC & TEOHHICAL SERIES. 

MATHEMATICS, ARITHMETIC, &c. 

Geometry, Descriptive. J. F. Heathsb • . . 2/- 

Practical Plane Qeometry. J. F. Heather. . . 2/- 

Analytical Geometry. J. Hann & J. R. Young. . 2/- 

Geometry. Part I. (Eaclid, Bks. I.— III.) H. Law 1/6 
Port II. (Euclid, Books IV., V., VI., XL, 

XIL). H. Law 1/6 

Geometry, in i vol. (Euclid's Elements) . . . . 2Jf6 

Plane Trigonometry. J. Hank . . x/6 

Spherical Trigonometry. J. Hann . . i/- 

The above 2 vols., bound together .... 2/6 

Differential Calculus. W. S. B. Woolhouse . . 1/6 

Integral Calculus. H. Cox i/- 

Integral Calculus. J. Hakn i/- 

Algebra. J. Haddok 2/- 

Key to ditto .1/6 

Boole-keeping. J. Haddok x/6 

Arithmetic. J. B. Yottkg x/6 

Key to ditto x/6 

Equational Arithmetic. W. Hifslby . . . 2/- 

Arithmetic. J. Haddok x/6 

Key to ditto x/6 

Mathematical Instruments. Heather & WALifisLST 2/- 

Drawing & Measuring Instruments. J. F. Heather x/6 
Optical Instruments. J. F. Heather . . .x/6 
Surveying & Astronomical Instruments. J. F. 

Heather . . x/6 

The above 3 vols., bound together .... 4/6 

Mensuration and Measuring. T. Baker . . . x/6 

Slide Rule, & How to Use it. 0. Hoare . 2/6 

Measures, Weights, & Moneys. VT. S. B. Woolhovbb 2/6 

Logarithms, Treatise on, with Tables. H. Law . 3/- 

Compound Interest and Annuities. F. Thomak . 4/- 
Compendious Calculator. D. O'Gobmak .2/6 

Mathematics. F. Gampik 3/~ 

Astronomy. R. Maik & W. T. Lthk . . . . 2/- 

Statics and Dynamics. T. Baker . . 1/6 
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WEALE'S ^OIEHTIFIC & TEOHNIGAL SERIES. 
BUILDING & ARCHITBCTURE. 

Building Estates. F. Maitlanq . . . . 2/- 

Scienco of Building. E. W. Tasx . • • 3/6 

Building, Art of. £. Dobson . . . • 2/- 

Book on Building. Sir £. Bxomtt , , « . 4/6 

DweHing Hqusq^, Ereptipn of. 3. H. Brooks . 2/6 

Cottage Building. 0. B. Ali^n 2/- 

Acoustics of Public Buildings. Prof. T. B, Suvm, 1/6 

Practical Bricklaying. A. Hahj^okb < . , • 1/6 

Practical Brick Cutting & Setting. A. Hi^MOW* 1/6 

Brickwork, F. Walker 1/6 

Brick and Tile Making. £. Dobson. . . * 3/- 

Practical Brick & Tile Book. Dossoir it H^mond 6/- 

Carpentry and Joinery. T. Trepgoij) & E. W. Tak^ sI^ 

Atlas of 35 plates to the aboTe . « . , • 6/- 



HandraHing, and Btaircasing. G. Colli 2^09 
Circular Work in Carpentry, Q. QoLuliC^ 
Roof Carpentry. G. Oollikqs . 
Construction of Roofs. E. W. Tarn . , 
Joints used by Builders. J. W, CQRiaTY 
Shoring. G. H. Blagrove 



2/6 
2/6 

2/- 
1/6 

3/- 
1/6 

Timber Importer's & Builder's Guide. R. :^!. (J^RijiDT 2/- 



Plumbing. W. P. Buohan 
Ventilation of BuUdings. W. P, Bvchan 
Practical Plasterer. W. Kemp 
House-Painting, £). A. Payissqn 
Elementary Decoration. J. W. Facet . 
Practical House Decoration. J. W. Fac)&t . 
Gas-Fitting. J. Black . . , , , 
Warming and Ventilation. 0, Tqmlxnson 
Portland Cement f^r Users. H. FIlta 
Limes, Cements, 9l Mortars. G. B. Bubi^ell 
Masonry and Stone Cutting. £. Dobson , 
Arches, Piers, and Buttresses. W. Blanp , 
Quantities and Measurements. A. C. Bsatox 
Complete Measurer. R. Hortok , 

Light, for use of Archtteets. ^^ W. Tabk 



3/6 
3/6 
2/- 

5/- 
2/- 
a/6 
2/6 

Sh 
2/- 
1/6 
2/6 
1/6 
1/6 

4/- 
1/6 



Hints to Young Architects. Wiohtwick & Gvillauxe 3/6 
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